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PkEFACE 


The thesis entitled "Photochemical Investigations of 
Selected Organic Substrates Containing 1# 2-Dibenzoylalkene 
lioieties and Related Systems" has been divided into three 
chapters. 

Chapter i of the thesis deals with a brief survey of the 
photochemistry of simple 1 , 2~dibenzoylalkenes/ followed by our 
studios on the steady- state and laser flash photolysis of aziri- 
dj nyl-1 , 2-dibenzoyl alkenes, 35a -d and 36a- d ♦ The (E)-l-aziri- 
dinyl-1/ 2-dibGnzoylethylenes 35a -d (Scheme 1,5), upon steady — 
state photolysis, undergo facile ring- enlargement reactions, 
leading to pyrrol ine derivatives 37a -d, and also photofragment- 
ation reactions, resulting in the formation of the cis- and 
trans -olc fins 38a -d and 39a-d and a vinylnitrene intermediate, 
which subsequently rearranges to give the isoxazole 40. The 
(Z) l-aziridiny] -1, 2 -dibenzoyl ethylene s 2^ ll other hand 

undergo brans - c is photoisomerization leading to the correspond- 
ing J£ isomers 35a -d, which in turn, undergo further photoreact- 
ions leading to products such as 37-40. Laser flash photolysis 
studies of these substrates reveal transient absorption processes 
explainable in terms of singlet mediated cis - trans photoisomeriza- 
tion and also the formation of azomethine ylides. 

Chapter II deals with the photochemical transformations 
of a few imidazolyl-1, 2-dibenzoyl alkenes 3a-e. Steady-state 
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photolysis of l-imidazolyl-i , 2-dibenzoylethylenes 3a-e 
(Schemes II. 2 and 11.3) reveals a variety of photoreactions 
depending on bhe nature of the substituents present in the 
imidazolyl moieties. These include electrocyclic ring-closure 
reactions leading to dihydrophenanthrenes 5a, b, phenanthrenes 
^,b, and dihydroisoquinoline derivatives 2^/C,d, intramolecular 
phenyl ring migration reactions giving rise to ketene derived 
acids lOd , e or esters 1 Id , e , and photo fragmentation reactions 
leading to the trans -1 , 2-d3 benzoyla] kone 8 or 9 and imidazoles 
la-o . Laser flash photolysis of these substrates shows tran- 
sie*nt phenomena based on ketene formation and also photofrag- 
mentation reactions , 

Chapter III deals with the steady- state and laser flash 
photolysis studies of a few l'r{ 1,2/3- and 1/ 2 , 4-triazolyl) - 
1 , 2-dibenzoYlalkenes such as 3, 8 and 9, and related subs- 

trates, 5 and 6 (Schemes III. 2, III, 3 and 111,4). Product analy- 
sis rc'veals the Involvement of several typos of photo re actions 
depending on the nature of substituents present on the ethyle- 
nic moieties of these substrates. The (E)- and (z)-l-benzotri- 
azolyl-i , 2-dibenzoyl ethylonos 3 and 4, upon steady-state irra- 
diation, give rise to the 1 , 2 -diben 2 oylalkene-rearranged pro- 
duct 12a or 12b , the nitrogen-eliminated products IJ. and 14 , 
and also the bisbenzotriazoi ylbutane-i , 2-dione derivatives 1 ^ 
and 3^, respectively. The benzotriazolylmaleate 5 and the 
bonzotriazolylfumarate 6, on the other hand, undergo photo- 
chemical nitrogen loss, leading to biradlcal intermediates. 


ix 


which either on subsequent rearrangement give rise to the indole- 
2 / 3-dicarDoxylate or reacts with the solvent to give the 

2-phenYlanilinof uramate In contrast/ the steady- state irra- 

diatioz7 of the 1- ( lH-1 , 2/ 4— triazolyl)-! / 2-dibenzoylethylenes 6 
and 9/ leads to el ectrocyclic ring-closure products 19b and 19a / 
respectively, along with photofragmentation products ^ and 22a 
(or 22b ) . Laser flash photolysis studies, in several cases, 
reveal transaent processes related to ketene and zwittorionic 
intermedj ates , 

Note s The numbers of the various compounds g:lven in the paren- 
theses correspond to those given under the respective 
chapters . 
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CHAPTER I 


PHOTOTRANSFORMATIONS OP 1-A2IRIDINYL~ 
1 , a-DTOENZOYLALKENES 


I.i ABSTRACT 

Pnotochemical transformations of a few aKiridinyl subs- 
tituted cis - and trans -1 ; 2-dibenzoylethylenes have been examin- 
ed to study the nature of the products formed in these cases 
and a3 so the reaction patliways. Laser flash photolysis studies 
have been carried out to characterize the transients involved 
in these photoreactions . The substrates that we havo examined 
in the present studies include several l-azlrldinyl- cls -l, 2-dl- 
benzoylethylenes such os (E) -1- ( Gi3 -2, S-^diphenylazirldiny] )- 
1/ 2-diben2oyl ethylene ( 35a ) , (B) -1- ( tran 5-2 / 3- diphenyl azrri- 

dinyl) -1^ 2-dibenzoyl ethylene ( 35b ) , (E) -1- ( cis -2-benzyl-3-phen- 
ylaziridinyl ) -1/ 2-diben2oylethylene ( 35g) , and (E)-l-(2-benzyl- 
Gis -2/ 3-dj phenylaziridinyl) -1; 2-dibenzQyl ethylene ( 35d ) and 
several l-aziridinyl-trans-l, 2-dibenzoylethylenes such as 
(Z) -1- (cis-2 / 3-dxphenylazlridinyl) -1/ 2 -diben 2 oylethylene ( 36a ) / 


2 


(Z)~l-(tra^~2,3-diphenylaziridinyl)-l, 2 -dibenzoyl ethylene ( 36b ) , 
(£iS“2-benzyl-3-phcnylaziridinyl ) 2-dibenzoylethylene 

( 36c ) and (z) -1- ( 2-benzyl- cis -2/ 3-dlphenylaziridinyl)-l/ 2-di- 
benzoyl ethylene ( 36d ) . 

Irradiation of 35a in benzene, for example, gave a mixture 
of 2, 3-dibenzoyl-cis-4 , 5-diphenyl- A^-pyrrollne ( 373 , 45%), 3-ben- 
zoyl-S-phonylisoxazo] e (£0, 4%), cis -stilbene (38a, 15%) and 
tran s-s til bene ( 39a , 17%), in addition to a small amount of uni- 
dentified polymeric material. Similar results were obtained in 
the irradiations of 35b , 35c and 35d . 

Irradiation of the Z isomers 36a -d in benzene, on the 
other hand, gave mainly the corresponding E isomers 35a-~d, along 
with small amounts of the photoproducts derived from these E 
isomers . 

Products isolated from steady-state photolysis suggested 
facile ring-expansion, yielding pyrrolines as well as extrusion 
of alkanes from azirj dines, giving riso to nitrc'ne fragments, 
which undergo subsequent ring-closure to give isoxazole. Laser 
flash photolysis studies showed transient absorption changes 
explainable in terms of cls - trans photoisomerization and forma- 
tion of azomethine ylides. The latter are also observed upon 
steady-state irradiation of these aziridinyl-i, 2- dibenzoyl ethy- 
lenes in EPA glass at 77 K. 



3 


j 

1*2 INTRODUCTION * 

. 1 

Past investigations by Griffin and O’Connel and also by 

2 3 

Zimmerman et al , * have shown that l,2~dlbenzoylalkenes ( la-c) 
undergo interesting photorearrangements giving rise to ketene 
derived products (Scheme 1,1) , Thus, it has been observed 
that the photolysis of cis- 1 , 2-dibenzoylethylene (la) in 
methanol, for example, gives ethyl 4-phenoxy-4~phenyl-3-butG-* 
noate (5) . Similarly, dibenzoylstyreno (l^b) and dibenzoyl - 
stilbene (i£) give analogous products, 6 and 7, respectively. 
Padwa et al,^ have observed that tran^s-dibenzoyl stilbene ( Ic) , 
upon irradiation, undergoes cis - trans photoisomerization, 
followed by subsequent rearrangement to give a ketene inter- 
mediate (9c) , which on further rearrangement leads to l-hydroxy 
2 , 3-diphenyl-4-phonoxynaphthalene ( IQc ) or reacts with solvents 
to give 2, 3 , 4-triphenyl-4-phenoxy-3-butenoic acid (8) or the 
corresponding ester (J7) , Sugiama and Kashlma, on the other 
hand, have shown that the photolysis of 1, 2-dlbenzoylGthylene 
( la) in acidic methanol gives a mixture of 1, 2~-dibenzoylmethoyy 
ethane, methyl 4-phenoxy-4-phenyl-3-butGnoate and ?, 3-diphenyl - 
furan, 

6—8 

Recent studies have shown that substrates containing 
1 , 2-dibenzoy] alkene moieties undergo bhe photorearrangement 
exclusively, if the cis - trans isomerization possibility is pre- 
vented through geometric constraints. ThuS/ it has been obser- 
ved that the photolysis of 2 , 3-dibenzoylbicyclo[2 .2 , 2 ]-< 
oct-2-ene (J^) in benzene, for example, gives a mixture of 



Scheme 1 .1 


/] 



Ip) r’ = = H ,b ,c 

b) r’= H,R^= C ^5 

c) R^= R^= C 6 H 5 


3_a,b,c 



CgHg 0 

4.C RUR^sCgHg 1., R^ = R^ = H J R^= C 2 H 5 1.0, b,c 

l,Rl = H)R2=CgH5.R3= C 2 H 5 

7 _, R^rR^rCgHg.R^zCHa 

rUr2=C6H5 j R^=H 
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3- (phenoxyphenylmethYlene)biCYClo[2 . 2,2] octane- 2- carboxylic 
acid ( 14p} l and the lactone ( 15) ^ (Scheme 1,2), whereas the 
Irradiation of 2^3-dibenzoylblcyclo[2.2,2]hept-‘2-ene (1^) in 
benzene gives exclusively the corresponding carboxylic acid 
( 17a ) . ' As part of our continuing interest in the photore- 
arrangements of 1 , 2-dibenzoyl allcenes , the phototransformations 

of several substrates containing 1, 2-dibenzoyl alkene moieties 

910 loll 

such as 1/4- and 1/ 2-epoxy compounds, * dibenzobarrelenes, ' 

12 13 

and 1-pyrazolyl-l , 2-dibGnzoylalkGnes ' have been investigat- 
ed, In general/ it has been observed that the photorearrange- 
ments of substituted 1/ 2-dibenzoyl alkenes depend strongly on the 
nature of the substituents , Thus, it has been observed that 
dibenzobarrelenes containing 1, 2-dibenzoyl alkenes ' undergo 
the di-TT-methane rearrangement (Zimmen'nan rearrangement^^), 
giving rise to dibenzoyl substituted dibenzosemibulvaienes 

( 19a / b and 20a / b. Scheme 1.2), In contrast, 1-pyrazolyl-l , 2-di- 
12 13 

benzoyl al kones ' undergo the 1, 2-dibenzoyl al kene rearrange- 
1-3 

ment and also eiectrocyclic reactions involving aryl substi- 
tuents present in the pyrazolyl ring. 

In the present studies, we have examined the steady-state 
phototransformations of a few selected l-aziridinyl-l, 2-dibenzo- 
yl alkenes to investigate the nature of the products formed and 
also the reaction pathways followed in these cases. Plash 
photolysis studies have also been carried out to characterize 
the transients involved in these reactions. The photoreactions 
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of 1 -aziridinyl-l / 2 -dibenzoyl alkenes can, in principle^ proceed 

through two different pathways - one involving the reaction of 

the aziridine component and the other related to the dibenzoyl- 

alkene fragment. It may be pointed out in this connection that 

the phototransformations of several aziridine derivatives have 

15-17 

been reported in the literature, Aziridines, in general/ 

undergo electrocyclic ring opening reactions involving carbon- 

carbon bond cleavage to give azomethine ylides, * It has 

also been observed that several 2-ben30Yl aziridines undergo 

photochemical C-N and C-C bond cleavage leading to olefins 

20-22 

and other ring enlarged products (Scheme 1,3), 

The substrates that we have examined in the present 
studies include several 1-aziridinyl- cis- l/ 2-dibenzQylalkenes 
and 1-aziridinyl-trans-l/ 2- dibenzoyl alkenes such as (jE)-l- ( cis - 
2 / 3-diphenyl aziridinyl)-!/ 2-dibenzoylethylene { 35a ) / 

( trans -2 / S-diphenylaziridinyl ) - 1 , 2 -dibenzoyl ethylene ( 35b ) , , 

(E) - 1 - ( cis - 2 -benzyl -3 -phenyl azi ridinyl ) - 1 / 2 -dibenzoyl ethyl ene 
( 35c ) / (E) -1- ( 2-benzyi- cis -2 / 3-diphenyl aziridinyl ) -1/ 2 -dil 3 en- 
zoylethylene ( 35d ) / ( 2 ) -1- ( cls -2/ 3-dlpheny3 aziridinyl) -1/ 2-dl- 
benzoyl ethyl ene ( 36a ) / ( 2 )-l- ( trans -2/3-dlphenylaziridlnyl)- 
1 / 2-dibenzoyl ethylene ( 36b ) / (z) -1- ( cis- 2-benzyl-3**phenylaziri- 
dinyl)-l/ 2 -dibenzoylethylene ( 36 g ) and ( 2 ) - 1 - ( 2-benzy3 -cls- 
2 / S-diphenylazir xdinyl) -1,2 -dibenzoyl ethyl ene ( 36d ) • 



a 


Scheme 1,3 



Ha) r’ = R^ = H;R^=R^=C6H5 22 

b) r1 = R^=H,r2 = R^C6H5 

c) r’ =R^=H ; r 2 =R^ = C02CH3 

d) r’ = R^=H; R^=R^= CO 2 CH 3 



CeHs 

23 a) E=C02CH3 
b) E =C02C2H5 



M, R’ = R^=H;R2 = C6H5, M 31 32 

R^ = COC6H5 

29, r’ = R^=H ,.R^=C6H5. 
r 3= COC6H5 
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1.3 RESULTS AND DISCUSSION 

1.3,1 Preparation of Starting Materials . Nucleophiles 

such as amines, hydrazines, heterocyclic bases etc, are known 

to add to acetylenic substrates to give the corresponding 1;1 
24-27 

adducts. We have prepared the (E) ^1-aziridinyl-l, 2*-diben- 

zoylethylenes ( 35a ~d) and the (z) -l-aziridinyl-l, 2-dibenzoyl- 
cthylenes ( 36a -d) in yields ranging between 35-60% and 30-50%, 
respectively through the addition reaction of the appropriate 
aziridines ( 33 a -d) with dibenzoylacetylene (DBA, 3^) (Scheme 1.4). 
The structures of 3 5 a -d and 3 6 a -d have been established on the 
basis of analytical results and spectral evidence. The geometry 
across the carbon- carbon double bond in all these adducts has 
been ascertained on the basis of their NMR and electronic 
spectra. It has been observed that the vinyl protons in the E 
isomers ( 35a -d) appear in the range 6 5.7-6. 3, whereas in the 
Z isomers ( 36a -d) , they are downfield shifted and appear in the 
range 6 6,32-6.75, Similar chemical shift differences of vinyl 
protons have been observed in the case of aminomaleates and 
fumarates, formed through the reaction of secondary amines with 
dimethyl acetylenedicarboxylate (DMAD) 

Further, it has been observed that amine-substituted 1, 2-di- 
benzoyl alkenes having E configuration show characteristic long- 
wavelength absorption maxima around 345 nm, whereas the corres- 
ponding absorption maxima for the respective Z isomers appear 
around 390 The l-aziridinyl-l,2-dibenzoylethylenes 3 5 a-d 


Scheme 1.4 



33 a -d 3 4 


a ) R^= H (R^rCgHs 

b) R’=CeH 5 jR^=H 

c) r’= H^R^=CH2C6H5 

d) r’= CH2C6H5 j R^sCgHg 


CrHb 
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showed absorption maxima around 312-318 nm and hence have been 
assigned as the E isomers, whereas the Z adducts 36a -d showed 
the corresponding absorption maxima around 320-330 nm. 

1.3,2 Preparative Photochemistry and Product Identifi - 
cation. Irradiation of 35a in benzene gave a mixture of 2^3-di- 

2 

ben 2 Qyl- Gis - 4 , 5-diphenyl-A -pyrroline ( 37a / 45%), 3-benzoyl-5- 
phenylisoxazole 4%), cis -stilbene ( 38a , 15%) and trans - 

stilbene ( 39a / 17%), in addition to a small amount (15%) of uni- 
dentified polymeric material (Scheme 1.5). Similarly, tine irra- 
diation of 35b in benzene gave a mixture of 2 , 3 -diben 2 oyl- trans - 
4 / 5- diphenyl -pyrroline ( 37b , 44%), ^ (5%), 38a (15%) and 
39a (18%), besides some polymeric material (17%), Similar 
results were obtained when the irradiations of 35a and 35b were 
carried out in methanol. 

The structures of 37a and 37b have been arrived at on the 

basis of analytical results# spectral data and chemical evidence. 

1 

The H NMR spectrum of 37a , for example, showed two doublets at 
6 3.15 (J 4^5 = 7.5 Hz, 1 H) and 6 4.38 (^ 4^ 5 = 7,5 Hz, 1 H), 
assigned to C-4H and C-5H protons, respectively. The coupling 
constants of 7.5 Hz would support the syn orientation of these 
two protons. The NH protons of 37a appeared as a broad singlet 
at 6 6.85 (1 H, D 20 -exchangeable) , whereas the aromatic protons 
appeared as a complex multiplet centered at 6 7^65 (20 H) . The 
H NMR spectrum of 37b , likewise, showed doublets at 6 3.30 
(J. c - 13 Hz, 1 H, C-4H) and 6 4.60 (J. r- * 13 Hz, 1 H, C-5H) , 



Scheme 1.5 
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Figure 1-2 ‘H NMR spectrum (90 MHz) of 37b. 
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respectively. The coupling constant of 13 Hz, however^ xndica- 

« 

tes that both C-4H and C-5H protons are anti with respect to 
each other. The NH and aromatic protons appeared at 6 6.8 
(broad singlet/ 1 H, D 20 -exchangeable ) and 6 7. 1-8.2 (m, 20 H) , f 
respectively (see Figures l.l and 1,2). 

Further confirmation of the structures of 37a and 37b was 

derived from chemical evidence* Air-oxidation of 37a and 37b 

gave, in each case, 2 , 3 -difoen 2 :oyl- 4 , 5-diphenylpyrrole (_43) , in 

nearly quantitative yield. Heating of 37a in diphenyl ether 

(♦^255 ^C) , on the other hand, gave a mixture of 3-benzoyl- 

2 , 4 , 5- triphenyl pyrrole (£4, 26%) and _43 (54%). Similarly, 37b 

on heating in diphenyl ether under analogous conditions gave a 

mixture of £3 (51%) and ^ (30%) . The structures of bobli £3 and 

44 were confirined through their syntheses from 4, 5- diphenyl pyr- 

28 

role-2, 3-dicarboxyliG acid (46) and 2 , 4, 5- triphenyl pyrrole- 

29 

3-carboxylic acid (£7) , respectively. The formation of ^ and 
44 from 37a and 37b can bo understood in terms of the pathway 
shown in Scheme l, 6 . 

Irradiation of 35 g in benzene gave a mixture of 5-benzyl- 
2 , 3-dibenzoyl-4-phenyl-A^“pyrroline ( 37 g , 45%), ^ (5%), cls - 
/3 -benzyl styrene ( 38 g , 15%) and trans - -benzyl styrene ( 39c , 17%) . 

I 

Similar results were also obtained when 35c was irradiated in 

1 

methanol. The H NMR spectrum of 37c showed a doublet at 6 3.25 
(J 4 ^ s 5 Hz, 1 H) as the X part of an A 2 BX system, assigned to 
C-4H proton, a rnultipleb at 6 2.9 ( 1 H) as the B part of the 
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A 2 BX system, assigned to the C~5H proton and another multiplet 

at 6 2.7 (2 H) as the A 2 psrt of the same A 2 BX system, assigned 

30 

to the CH 2 protons . The NH and the aromatic protons appeared 
at 6 5.15 (broad singlet, 1 H, D 20 -exchangeable ) and 6 6. 8-7. 9 
(m, 20 H) , respectively. 

Photolysis of 35d in benzene, on the other hand, gave a 

2 

mixture of 5-benzyl-2, 3-dabenzoyX- cis -4, 5-diphenyl-A -pyrroline 

( 37d , 10%) , 4j0 (11%) , cis -i^-benzylstilbene ( 38d , 35%) and trana - 

^-benzylstilbene ( 39d , 30%) . Similar results were obtained when 

1 

the photolysis of 35d was carried out in methanol. The H NMR 
spectrum of 37d showed a singlet at 6 3.45 (1 H) , assigned to 
the C-4H proton (compared to the assignments in 37a and 37b ) and 
a quartet at 6 2,8 (2 H), assigned to the methylene protons. The 
NH proton appeared as a broad singlet at 6 6.8 (1 H, D20-exchange- 
able), whereas the aromatic protons appeared as a complex multi- 
plet at 6 7, 1-8.1 (25 H) . 

Irradiation of the ^ Isomers 36a -d in benzene, on the other 
hand, gave mainly the corresponding E isomers ( 35a -d) , along 
with small amounts of the photoproducts derived from these E 
isomers. Thus, the irradiation of 36a , for example, in benzene 
for 2 h gave a 30% yreld of the E isomer 35a , along with a mix- 
ture of 37a (11%), 38a (8%), 39a (10%) and unchanged starting 
material ( 36a , 22%), In addition, a small amount (15%) of an 
unidentified polymeric material could also be isolated from this 
run. Similar results were obtained in the photolysis of 36b , 


36c and 36d 
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1.3,3 Discussion. Examination of the products from the 
photoreactions of the (E) -aziridinyl-l, 2-diben2oy] ethylenes 
3 5a «-d reveals that tv70 important pathways are followed in these 
cases. One of these involves a ring enlargment of the vinyl- 
aziridine moiety to give the pyrrol me derivatives 3 7 a -d , 
whereas the other involves a photofragmentation/ giving rise to 
the deaminated olefins ^^-d and 39a -d and the vinyl nit renc frag- 
ment which ultimately leads to the isoxazole £0 (schema 1.7) . 

Vinyl aziridine Rearrangement . Although several examples 
of the photochemical ring enlargement of vinyi cycloproi^anes 
bo give cyclopentene derivatives are reported in the litera- 
ture# ’ the analogous vinyl aziridine rearrangement has not 
been studied in detail. A reasonable explanation for the forma- 
tion of the pyrro] ine derivatives 37a -d in the photoreactions of 
35a- d^ would involve a vinyl aziridine rearrangement of the appro- 
priate ground state conformers. It is to be noted that the pyrro- 
lines 37a -d are formed in yields ranging between 8-45% and that 
these reactions proceed in both stereospecific and regioselectlve 
manner. Thus, we find that 3 5a containing two els - phenyl groups 
in the aziridine ring gives rise to, exclusively, the Gi^-4, 5-di- 
phenyl pyrro line 37a , whereas 35b , containing two trans -phenyl 
substituents gives rise to the trans -4, 5-dlphenylpyrroline 37b . 

In the case of unsymmetrically substituted aziridines 35c and 
35d , however, the corresponding pyrrolines 37c and 37d are formed 
through stereospecific and regioselective pathways. 


Scheme 1.7 


I 
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Although the conformational preferences of 1-aziridinyl- 
1 , 2-dibenzoyl alkenes 35a- d are not known, it is reasonable to 

assume, on the basis of the conclusions reached for vlnylcyclo- 

33 34 

propane and some of its methyl derivatives and also for 

35 

several azaridinyl ketones, that the conformational minima in 

these systems will correspond to the s- trans and nonsymmetrical 

s- cis or gauche conformation with a dihedral angle between 70*^ 

and 80^^. It is to be noted that only the s- cis or gauche con- 

former can lead to the pyrrol me derivatives ( 37a -d) . Whether 

the photochemical ring- enlargement reactions of 35a -d, involving 

C-N bond cleavage proceed in a symmetry allowed concerted manner 

or through singlet di radical Intermediates such as 49a -d/ shown 

in Scheme 1*7, is not very clear. Mention may be made in this 

connection that several examples of photochemical C-N bond cleav- 

35,36 _ 

age have been observed in different aziridinyl ketones. The 

ring-enlargement reactions of 35a -d appear to be analogous to the 

photo re- arrangements of vinyl cycl op ropanecarboxyl ate s, which have 

32 

been studied earlier by Jorgon&on and Heathcock, 

Photochomlcal Fracpmenbablon Reaction . It is quite likely 
that the symmetrically bisected s- trans conformer B (scheme 1,7) 
is the precursor of the fragmentation products from 35a -d. In 
the excited state, both the C-N bonds of these aziridinyl-l/2-dl- 
bcnzoylalkenes will be considerably weakened due to the overlap 
of these bond orbitals with the H- systems and consequently, the 
loss of the vinylnitrene moiety 51, leading to the alkenes 38a -d 
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and 39a^ d^ would be predictable ^ This vinylnitrene inteanmedi- 

ate can subsequently be transformed to the isoxazole £0# through 

the appropriate isomer ^ (Scheme T,7) . Such photochemical loss of 

the nitrne fragments from the corresponding aziridinyl-l^ 2«di" 

benzoyl alkenes 35a ^d is analogous to the loss of carbene f rag- 

32 

ments from cyclopropyl olefinic esters. It may be mentionod 

in thJ s connection that vinylnitrene intermediates # formed on 

thermolysis of vinyl az ides / are known to undergo intramolecular 

cycllzation with carbonyl functionalities to give isoxazole deri- 
37 

vatives , 

38 

1.3,4 Laser Flash Photolysis Studies. As shown in 
Figure 1.3^ the absorption spectrum of each of the aziridinyl- 
dibenzoyl alkenes under study is characterized by low-lying/ 

3 

moderately intense band system at 300-420 nm ( = (10-20) x 10 

rna.x 

-•1 -1 

M cm ) . Between the cis and the trans isomers / the absorption 

maxima of the latter are red- shifted by 8-14 nm, Although the 

t values are lower for the trans isomerS/ they shov/ enhanced 
max 

absorption at longer wavelengths (340-420 nm) . Because of rela- 

3 —I —1 

tively high extinction coefficients ((5-10) x 10 M cm ) at 
337,1 nm, solutions containing the dibenzoyl alkenes at submilli- 
molar concentrations could be conveniently flash-photolyzed using 
nitrogen laser pulse at this wavelength. In the following 
sections we are presenting the results concerning the transient 
phenomena observed upon laser flash photolysis of the aziridinyl- 
dibenzoyl alkenes in benzene and plausible assignments and inter- 
pretations , 


EXTINCTION COEFFICIENT , 10 M cm 



Figure 1,3 Absorption spectra of t~aziridiny(-1,2-d!benzoy(-alkenes 
in benzene; A^SSa^ By35byC.35c;Dy35d^A^36Q . 
B'.Mb) C', lie , D',l£d . The curve b" is the 
difference absorption spectrum ( trans -»cis) for 35 b 
and 36 b 
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(E) -l-Az±ridlnyl-3 , 2-dibenzoyl alkenes, 35a -d, Upon 
337.1 nm laser flash photolysis/ substratOvS 3 5a -d show very 
similar transient processes. Using 35b as example/ these are 
illustrated in Figure 1.4. In terms of absorption spectral 
changes, the following have been noted. First, a pronounced 
ground- state bleaching (negative absorbance change) occurs at 

i 

300 - 335 nm; this does not show any sign of recovery over the 
longest timo-scale (<^>100 Us) available to us. Second, a long- 
lived (or ‘permanent') photoproduct showing positive absorbance 
change at 335-400 nm = 345-350 nm) is formed. Third, a 

minor transient absorbing at 550-700 nm undergoes slow decay 
(t > 10 Us), Fourth, the slow growth ot a minor product is 
observed at 420-440 nm (concomitant with the decay of the 550- 
700 nm species) , The third and fourth transient phenomena have 
not been observed to any significant extent in the case of 3 Sc 
and 35d . 

Detailed studies using oxygen, di-tert-butylni troxide 
(DTBN) , and ferrocene show that these typical triplet quenchers 
have no effect on the yields and kinetics of the transients or 
photoproducts discussed above. Thus, the involvement of a long- 
lived triplet either as one of the transient species seen in 
laser flasn photolysis or as a precursor of the photoproduct( s) 
is ruled out. The most plausible explanation for the absorption 
spectral changes at 300-400 nm may be sought in terms of c j s -trans 
isomerization and/or ring-enlargement products 5Qa -d or fast 

/ 



ABSORBANCE CHANGE 


> t 



Figure 1.4 Transient absorption spectra observed upon 
337.1 nm laser flash photolysis of 15b in 
benzene at 2AJS (A) and 30 /JS (B), following 
the laser flash. Representative kinetic traces 
at 355 (C) 440 (D) and 600nm (F) arc also 
shown . ' 
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formation of a long-lived species, namely, the nitre ne ^ (or 
nitrene-derived products) • These phototransformations are shown 
in pathways 'a-c' in Scheme 1,8* Because of reduced conjugation 
in the ring- enlargement product ^ (relative to the parent diben- 
zoylalkene), this appears to be the least likely candidate to 
account for the red- shifted absorption changes evident at 335- 
400 nm* We have attempted to generate the nitrene ^ and/or the 
related azirine IDhotochemically by direct excitation of the 

isoxazole However, laser flash photolysis (337*1 nm) of £0 

39 

in benzene gives transient absorption phenomena having no 
resemblance to any of those observed in the case of 35a -d* Tt 
appears that although the isolation of the isoxazole 4^ as a 
product in the steady-state photolysis indicates the nitrene ^ 
as a photo intermediate, this does not contribute significantly 
to the absorption spectral changes at 300-400 nm seen in laser 
flash photolysis. On the basis of the close similarity of the 
difference absorption spectra as a result of laser excitation 
with the difference ground- state spectra for cis and trans isomers 
(see, Figures 1.3 and 1.4), we conclude that the entire change in 

absorption at the short wavelengths results from cis -trans photo- 

40 

isomerization of the starting dibenzoyl alkenes . 

The minor transient species absorbing at long wavelengths 
(550-700 nm) is best assigned as azomethine ylides ( 54) , formed 
by the C-C bond cleavage of the aziridine ring (pathway “d"), 
(Scheme 1.8). Ijittle or no reactivity is observed on our time 
scale for these species towards typical dipolarophiles such as 


Scheme L8 
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maleic anhydride and However# this is not disturbing 

because the decay of azomethine ylides# ^jhotochemically derived 

4 1 

from related aziridinos# have been shown to be little af teeth- 
ed in the presence of high concentrations (0*8-1 ,0 M) of dipolaro- 
philes (observed on *^100 jLLs time scale) . The conventional method 
of observing ylides is steady- state irradiation of the appropri- 
ate precursors in a rigid, low temperature matrix. The photoly- 
sis (366 nm) of 35a and in BPA glass at 77 IC gives rise to 

colored (green/folue) species with broad absorption spectra ^ 

620 and 610 nm) , having resemblance to those observed in laser 
flash photolysis in fluid solutions. The yl ide formation is 
more pronounced in the case of the trans- aziridinyldibenzoyl- 
alkenes? this as well as a possible explanation for the growth 
process at 420-440 nm v/ill be discussed later, 

(Z) -l-Aziridinyl-l, 2~diben2oylalkenes, 36a- d. The laser 

phoLclysis of substrates 3^-d j ecd'- to 'permanent ‘ absorp- 
tion spectraJ changes (positive at 300-330 nm and negative at 
330-40C nrn) that are explainable in terms of trans and els photo- 
isomerization.'^^ Those are indicated in Figure 1.5 with 36a 
as the substrate. In addition, transient species decaying slow- 
ly over <^100 jixs and shov/ing a broad absorption at long wave- 
lengths (550-700 nm) are formed, particularly in the case of 36a 
and 36b. third transient process in the form of a growth com- 
ponent at 400-440 nm occurs at the time scale of the decay of the 
long- wave length species (see, the insets D and E oC Figure 1,5). 









WAVELENGTH, NM 


Figure 1.5 Transient absorption spectra observed upon 337.1 
nm laser flash photolysis of 36 b in benzene | 
at 2 ps (A) and 30ps (B), following the laser flast 
Representative kinetic traces at 300(C), 410 (D) ; 
and 640nm(E) are also shown. 
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These transient phenomena are analogous to those observed in 
the case of 35a and 35b ^ except that the spectral regions of 
positive and negative absorption changes, dictated by the relat- 
ive extinction coefficients of oi s - and trans -dibenzoylalkenes,. 
are interchanged. Again, oxygen, DTDN and ferrocene show no 
significant effect on the kinetics and yields of the processes 
under discussion. 

The absorption spectra of the azomethine ylide(s) obtained 
upon steady- state irradiation (366 nm) of 36a and 36b in EPA 
glass at 77 K are presented in Figure 1,6. The similarity of 
the two-band spectra (X _‘s = 610 and 605 nm, Figure 1,6) with 

rnoX 

those seen at 400-700 nm in the course of laser flash photolysis 
(Figure i.4 and Figure 1.5) leads us to assign the latter to azo- 
methine ylides* No significant difference in the absorption 
maxima b 'Comes evident, when one compares the spectra of cis- 
and tran s-az3 ridinyl-1, 2 -dibenzoyl a Ikene isomers ( 35a , b vs 36a , b) 
or uf uito- and crans -aziridino i&omer« ( 35a vs 35b and 

36a ys 36b ) . However, the ease of formation of the ylides from 
trans -aziridinyl-3 , 2 -ditaenzoyl ethylene isomers (particularly 36a 
and 36b ) , relative to their cls -counterparts is noticed under 
both laser flash and steady-state photolyses. 

The fact thab the growth processes at 400-440 nm occur in 
a manner concomitant with that of the decay of ylides (at 600- 
700 nm) and that the former are absent or negligible for the 
systems for which ylide formation is also negligible, suggests 
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Figure 1.6 


Absorption spectra of azomethine ylides 
upon 366nm photolysis (15-30 min) of 
35a (A) 15b<B) Ma (C) and (D) in 
EPA at 77K . 
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* y 

a precursor/product relationship between them. The most plausi*~ 
ble interpretation that comes to our ina nd is that the ylides 
undergo further transformation to one or more zwitterionic inter- 
mediate (s) and and perhaps leading to the cycliaed pro- 

duct Sl^ (Scheme 1,9) . 

Summary and Conclusions , Laser flash photolysis studies of 
both l^aziridinyl- cis -l , 2-dibengoyl alkenes ( 35a -d) and 1-aziri- 
dinyl- trans -1/ 2-dibenzovlalkenes ( 36a -d) show transient absorp- 
tion changes which can be explained in terms of ci s - trans -photo- 
isomerization and formation of azomcthine ylides. These azome- 
thine ylides are also formed by the steady-state irradiation of 
the starting dibenzoy] alkenes in EpA glass at 77 K, In general, 
it has been observed that the Z isomers (36a-d) are converted to 
the corresponding a^omethine ylides more readily than the corres- 
ponding E isomers ( 35a -d) , It is likely that the s-cis or gauche 
conformer (A, Scheme 1,7) of the starting dibenzoylethylenes 
leads to the pyrrol ine derivatives v;hereas the s- trans 

conformer (B, Scheme I. 7) leads to photofragmentation products. 
These photoprocesses may be tak j ng place through singlet or very 
short-lived triplet state intermediates, 

1.4 EXPERIMSlSITAL SECTION 

All melting points are uncorrected and were determined on 
a Mel-Temp melting point apparatus. The IR spectra were record- 
ed on Perkln-Elmer Model 377 or Model 580 infrared spectrophoto- 
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I 

meters. The electronic spectra were recorded on Cary IID, 

1 ^ 

Cary 219 or Bechman DB spectrophotometers. The H NMR spectra 
were recorded on a Van an EM~390 or HA- 100 NMR spectroneters, 
using te t name thyl silane as internal standard. The mass spectra 
were recorded on a Hitachi Rimj-GB single-focussing mass spectro- 
meter or a Varian Mat CH7 mass spectrometer at 70 eV. Steady- 
state irradiations were carried out in a Srinivasan-Griffin 
Rayonet photochemical reactor (RPR, 3500 X) or by using a 
Hanovia 450VJ medium-pressure mercury lamp in a quartz- jacketed 
immersion well . 

I 

1.4.1 Starting Materials . cis - 2 , 3 -Diphenyl az 1 r idine 

( 33a ) f mp 82 ^C, trans-2 , 3-diphenyl aziridine (33b), mp 43- 

Gis -2-bensyl-3-phenvlaziridine ( 33c ) , mp 46-47 ^C, 

^45 o 

2 - benzyl -cd^- 2, 3 -diphenyl azix'idine ( 33d ) , mp 86-87 C and di- 
benzoyl acetylene (DBA, 21^ 110-111 °C were prepared by 
reported procedures. Solvents for steady-state photolysis 
studies were purified and distilled before use, whereas Aldrich 
Gold Label solvents were used for laser studies, petroleum 
ether used was the fraction with bp 60-80 ^C. 

1.4.2 Preparation of (E)- and (2)-l-Aziridj nyl-l# 2-di- 
benzoyl ethylene s 35a -d and 36a -d. A general procedure for the 
preparation of 3S a-d and 36 a-d. was to add a benzene solution of 
the appropriate aziridine (33a-d, 10 mmol in 25 mb) to a stirred 
solution of DBA (34, 10 mmol) in benzene (25 mL) at room tempe- 
rature over 0.5 h and the stirring was continued for an additional 


34 


period of 8-10 h* Removal of the solvent under vacuum gave a 
mixture of products, which wes chromatographed on alumina. Elut- 
ion of the column with petroleum ether gave the z isomer and 
further elution with a mixture (lg3) of benzene and petroleum 
ether gave the E isomer. These adducts were purified by recrys- 
tallization from methanol, in each case, 

(e) - 1- ( cis -2 , 3-Diphenyl aziridinyl)-!/ 2-dibenzoylethylene 
( 35a ) . 35a was obtained in 58% yield/ mp 146 , 

IR spectrum (KBr) : 3035 and 2985 i 1653 and 1637 

UV spectrum K (methanol) s 222 nm (£, 35,040), 258 
max 

(23,850), and 320 (19,000). 

NMR spectrum ( 00013)5 6 3.80 (d, J = 1 Hz, 2 H, methjne), 

5.70 (s, 1 H, vinylic), and 6.90-7 4 50 (m, 20 aromatic). 

Anal . Calcd for C3QH23N02g C, 83.92; H/ 5.36; N/ 3,26, 

Pounds C, 83,73; ll, 5,18; N, 3.12. , 

(Z) -1“ ( gis -2 , 3 -Diphenyl aziridinyl ) -1, 2-dibenzoylethylene 
( 36a ) . 36a was obtained in a 29% yield, mp 158 . 

IR spectrum (KBr) s 3037 and 2984 (^^v,) / 1855 and 

max OH 

1635 and 1585 (^^^^) cm'“^. 

UV spectrum X (methanol) s 218 nm (£/ 28,760)/ 258 
max 

(18,020) , and 334 (9,590) . 
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NMR spectrum (CDGl^) s 6 3.76 (s, 2 H/ methine) , 6.32 
(S/ 1 H, vinylic), and 7.00-7.80 (m, 20 H, aromatic). 

Anal . Calcd for C2QH23NO2: C, 83.92; H, 5,36; N, 3.26. 
Founds C, 83.85; H/ 5.19; N, 3.31, 

(E) -1- (tran5-2 , 3 -Diphenyl azlridinyl ) -1, 2-dlbenzoylethy- 
lene ( 35b ) . 35b was obtained in 50% yield, mp 164 °C . 

IR spectrum (KBr) ; 3055 and 2985 , 1660 and 1645 

max C/H 

(l'c=o^/ ana 1593 

UV spectrum X (methanol) g 220 nm (£, 24,430), 258 

iTloJC 

(20,050), and 318 (16,750). 

1 

H NMR spectrum (CDGl^) s 6 3.85 (s, 2 ll, methine), 5.80 
(s, 1 H, vinylic), and 7,10-8.10 (m, 20 H, aromatic). 

Anal . Calcd for C2 qH^ 3M02S C, 83.92; H, 5,36; N, 3.26. 
Pound; C, 83,59; H, 5.21; N, 3,35, 

(Z) -1- ( trans -2 , 3-Diphenyl aziridinyl ) -1 , 2-dibenzoylethylene 
( 3 6b ) , 36b was obtained in a 30% yield, mp 113 . 

IR spectrum V (KBr) s 3041 and 2990 (^^„) , 1650 and 1636 
^ max CH 

and 1589 

UV spectrumA^^ (methanol) s 220 nm (£, 17,790), 256 
(il,100), and 322 (8,740). 

NMR spectrum (GDGI3) s 6 3,80 (s, 2 H, methine), 6.75 
(s/ 1 H, vinylic), and 7, 2-8,0 (m, 2 H, aromatic). 
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Anal . Calcd for C 2 QH 23 NO 2 ; C, 83.92? H, 5.36; H, 3.26. 
Founds G/ 84,12? 5.30? n, 3.11. 

(£is- 2 -“Ben 2 yl~ 3 -phenylazirj dinyl) -1 , 2 -diben 2 oylethy- 
, 35c was obtained in a 43% yield/ mp 126 ^C. 

IR spectrum (KBr) s 3040, 3010, 2986 and 2895 , 

max GH 

1660 and 1642 , and 1588 cm“^. 

UV spectrum ?y. (methanol) s 222 nm (9/ 18,650), 259 
max 

(16.990) , and 316 (15,680). 

1 

H NMR spectrum (CDCl^) 2 6 2.50 (m, 2 H, methylene), 2,90 

(m, 1 H, methine) , 3.80 (d, J = 5.5 Hz, 1 H, me thine ) , 6.30 (s, 

1 H, vinylic), and 7*10-8,10 (m, 20 H, aromatic). 

Anal . Calcd for C3^H25N02S C, 83.79? H, 5.64? N, 3.16. 
Pounds C, 83.85? H, 5.60? N, 3.46. 

(Z) -1- ( cis -2-Benzyl-3 -phenyl aziridinyl) -1 , 2-dibenzoylethy- 
lene ( 36c ) . 36c was obtained in a 47% yield, mp 133 . 

IR spectrum 3^ (KBr) s 3050, 3020, 2990 and 2879 , 

max GH 

1660 and 1640 < and 1580 cm"^. 

UV spectrum (methanol) s 224 nm (£, 14,920), 256 

(10.990) , and 324 (9,630). 

1 

H NMR spectrum (CDCl^) s 6 2.50 (m, 2 H, methylene), 2.80- 
3,25 (m, 1 H, methine), 3.55 (d, J = 5.5 Hz, 1 H, methine), 6.70 
(s, 1 H, vinylic), and 7.10-8.20 (m, 20 H, aromatic). 
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Anal . Calcd for C, 83.97; H, 5,64; N, 3.16. 

Founds C, 83.54; Hy 5.90; N, 3.29, 

(E) -1- ( 2 ->Ben 2 yl- cis -“ 2 y 3 ~diphenyla 2 irid±nyl) -1/ 2 -dibenzoyl- 
ethylene (35d) . 35d was obtained in a 35% yield, mp 176 . 

IR spectrum (KBr) ; 3063, 3044 and 2983 1665 

and 1648 (^^= 0 ^ ' cm“^ . 

UV spectrum X (methanol) s 220 nrn (E, 25,520), 281 
max 

(19,300), and 324 (19,330). 

NMR spectrum (CDCl^) s 6 2.80 (q, 2 H, methylene), 3.60 

(s, 1 H, me thine ) , 5.80 (s, 1 H, vinylic), and 6.80-8.23 (m, 2 5 H, 
aromatic) . 

Anal . Calcd for C 3 ^H 2 gN 02 i C, 85.55; H, 5.59; N, 2.70. 

Found; C, 85.36; H, 5,48; N, 2.85. 

(Z) -1- ( 2-Benzyl- cis -2, 3-diphenylaziridxnyl) -1, 2 -dibenzoyl- 
ethylene ( 36d ) . 36d was obtained in a 48% yield, mp 121-122 , 

IR spectrum (KBr); 3065, 3045, 3021 and 2985 ( ^o) / 

max 

1665 and 1645 (’^= 0 ^' cm"^, 

UV spectrum X (methanol) s 220 nm (£, 27,020), 258 
max 

(20,930), and 332 (9,150). 

NMR spectrum (CDGI 3 ) ; 6 2,85 (q, 2 H, methylene), 3.60 

(s, 1 H, methine) , 6,40 (s/ 1 H, vinylic), and 6,80-8,20 (m, 

25 H, aromatic) , 

Anal , calcd for C 3 ^H^gN 02 S C, 85.55; H, 5,59; N, 2.70. 

Found; C, 85*24; H, 5.35; N, 2.81, 
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1.4,3 Irradiation of (E ) -1- (cis-2/ 3-Dlphenylaziridinyl) - 
1, 2 -dibenzoyl ethylene (^5a) . A In Benzene, A solution of 35a 
(200 mg/ 0.47 mmol) in benzene (250 mL) was purged with nitrogen 
and irradiated (RPR, 3500 2 light source) for 2 h. The irradiation 
was repeated several times to photolyse, in all, 2,0 g (4.7 mmol) 
of 35a . Removal of the solvent under vacuum gave a residual 
solid, which was chromatographed over alumina. Elution with 
petroleum ether gave 140 mg (17%) of trans -s til bene ( 39a ^ , 
mp 124 (mixture melting point) and 130 mg (15%) of cis -stil- 
bene (38a) , bp 84 (@ 4 rm ) , Further elution with a mixture 

(129) of benzene and petroleum ether gave 35 mg (4%) of 3-benzoyl - 
5-phenyl isoxazolG (_^) , mp 86-87 after recrystal 1 1 zation from 

methanol (lit,'^® mp 89 °C) . Subsequent elution of the column with 
a mixture (4s 1) of benzene and petrol eim ether gave 900 mg (45%) 
of 2, 3-dj benzoyl- cis -4/ 5-diphenyl-A^-pyrroline ( 37a ) , mp 186 , 

after recrystal liz a tion from a mixture (Isl) of methylene dichlo- 
rjde and petroleum ether, 

IR spectrum (KBr) s 3275 / 3038, 3040 and 2990 

(V ), 1680 and 1665 , and 1600 cm“^. 

UV spectrum X (methanol) s 242 nm (E, 27,500) and 358 
m S.X 

(29,200) . 

+ 

Mass spectrum, m/e (relative intensity) s 429 (M , 2) , 428 
(m'*' -H, 32), 427 (m'*' -2 H, 100), 399 (M*' -CO, -2 H, 40), 361 (4), 
350 (45), 324 (28), 322 (3), 249 (4), 248 (11), 234 (4), 195 (2), 
194 (9), 180 (19), 105 (73), 103 (3), and 77 (81). 
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Anal > Calcd tor C 3 QH 23 NO 2 ! 0 , 83.92; H, 5.36/ N, 3.26. 

Pounds C, 83.95; H, 5.45/ N, 3.56. 

Air-oxidation of the pyrroline 37a (50 mg, 0.118 mmol) by 
refluxing in 10 mb of benzene under oxygen saturation for 30 h 
and workup in the usual manner gave 2 , 3-dlbenzoyl-4/ 5-diphenyl- 
pyrrole (^, 42 mg, 84%), mp 241 after recrystallization from 

a mixture (Isl) of methylene dichloride and petroleum ether. 

IR spectrum (KBr) s 3235 3075 and 3035 / 

1670 and 1655 , 1600 and 1585 (^^ 3 ^^) cm~^. 

UV spectrum (methanol) s 240 nm (£, 33,450), 265 

(26,300), and 371 (27,100). 

1 

H NMR spectrum (CDGl^) s 6 7.00-8.10 (m, 20 H, aromatic), 
and 9,20 (broad shoulder, 1 H, D 20 -exchangeable , NH) . 

M In Methanol . in a repeat run, a solution of 35a (1 g, 

2.33 mmol) in methanol (500 mb) was irradiated for 1.5 h (Hanovia 
4 SOW, medium pressure mercury lamp with pyrex filter) and worked 
up as in the earlier case by chromatographing the product mixture 
over alumina to give 75 mg (J 8 %) of trans- stilbene ( 39a ) , mp 124 *^0 
(mixture melting point), 65 mg (15%) of cis- stilbene ( 38a ) , 
bp 84 ((§> 4 mm), 15 mg (3%) of £0, mp 86-87 (mixture melt- 

ing point), 420 mg (42%) of 37a , mp 186 (mixture melting point) 
and 250 mg (25%) of a polymeric material. 

1.4.4 Irradiation of (E) -l-( trans -2,3-Diphenylaziridlnyl ) - 
1, 2 -dibenzoyl ethylene ( 35b ) . A In Benzene . A solution of 35b 
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% 

(200 mg/ 0,47 mmol) in benzene (300 mb) was purged with nitrogen 
and irradiated (RPR, 3500 8 ) for 2 h. The irradiation was repeat- 
ed several times to photolyse/ in all/ 2 g (4,7 mmol) of 35b . 
Removal of the solvent under vacuum gave a residue which was 
chromatographed over aluiTiina. Elution with petroleum ether ghve 
13 5 mg (16%) of trans -stilbene (39a), mp 124 (mixture melting 
point) and 140 mg (17%) of cis -stilbene ( 38a ) , bp 84 (@ 4 mm) . 

Further elution of the column with a mixture (lj9) of benzene and 
petroleum ether gave 40 mg (5%) of mp 86-87 (mixture melt- 
ing point) . 

Subsequent elution of the column with a mixture (4s 1) of 
benzene and petroleum ether gave 880 mg (44%) of 2/3-dibenzoyl- 
trans- 4/ 5-diphenyl- pyrrol ine ( 37b ) , mp 207 (after recrys- 
tallization from a mixture (Isl) of methylene dichloride and 
petroleum ether* 

IR spectrum (KBr) s 3275 (^^^p) , 3095, 2075, 3035 and 

, V -1 

2985 (^(^p^)/ 1680 and 1660 (^^*=0^' ^ * 

UV spectrum A (methanol) s 245 nm (L, 39,350), and 
max 

360 (23,500), 

Mass spectrum, m/e (relative intensity)? 429 (M , 2), 428 
(m"'' -H, 31), 427 -2 H, 100), 399 (m'*' -CO, -2 H, 43), 351 (5), 

350 (39), 324 (31), 322 (4), 249 (3), 248 (11), 234 (5), 195 (5), 
19ij((13), aeo (17), 105 (71), 103 (5), and 77 (81). 

Anal . Calcd for • 32 QH 23 NO 2 S C, 83,92; H, 5.36; b7, 3,26. 

Found; C, 83.95; H, 5,45; N, 3.56, 
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Elution of the column with a mixture (9s 1) of benzene and 
ethyl acetate gave 350 mg (17%) of a polymeric material/ from 
which no definite product could be isolated. 

Air-oxidation of the pyrroline 37b (50 mg, 0.118 mmol) by 
refluxing in 10 mL of benzene under oxygen saturation for 30 h 
and workup in the usual manner gave the pyrrole £3 (40 mg/ 80%) / 
mp 241 (mixture melting point) . 

2 It Methanol . In a repeat experiment/ a solution of 35b 
(1 g/ 2,33 mmo] ) in methanol 500 mL) was irradiated (Hanovia 450W/ 
medium pressure mercury lamp with a pyrex filter) for 1.5 h. Work- 
up of the mixture as in the earlier case gave 75 mg (18%) of 
trans-s til bene ( 39a ) , mp 124 (mixture melting point) / 68 mg 
(J6%)/ of cis-stilbene ( 38a ) / bp 84 ((§) 4 mm), 15 mg (3%) of 

40 / mp 86-87 (mixture melting point)/ 430 mg (43%) of 37b / 
mp 207 °C (mixture melting point) and 250 mg (25%) of a polymeric 
material . 

1.4,5 Irradiation of (E)-l-( cis -2-Benzyl-3-phenylaziridi- 
nyl) -1/ 2-dlbenzoyl ethylene (35c) . A In Benzene . A benzene solu- 
tion 35c (200 mg/ 0,45 mmol/ in 250 mL) was purged with nitrogen 
and irradiated (RPR/ 3500 8 light source) for ? h. The irradiat- 
ion was repeated to photolyse, in all/ 2 g (4,5 mmol) of 35c. 

After removal of the solvent under vacuum^ the residual solid was 
chromatographed over aluniina. Elution of the column with petro- 
leum ether gave 150 mg (17%) of trans -^ -benzyl styrene ( 39 g ) , 
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mp 74-75 after recrystallization from methanol. 

IR spectrum (KBr) s 3090, 30/5, 2925 and 2885 

1575 (^c=C^ cm"^. 

UV spectrum (methanol)? 242 nm (C, 29,550). 

1 

H NMR spectrum (CDCl^) ? 6 3.40 (d, 2 H, methylene), and 
6,60-7.30 (m, 12 H, aromatic and vinylic). 

Further elution of the column with petroleum ether gave 
140 mg (15%) of ci^- ^-benzyl styrene, mp 41-42 ^C, after recrys- 
tallization from methanol. 

IR spectrum 2^ (KBr) 3 3090, 3080, 2990, 2927 and 2887 
^ max 

and 1575 

UV spectrum (methanol) s 235 nm (fc, 36,400). 

NMR spectrum (CDCl^) s 6 3.30 (d, 2 H, methylene), and 

6.70-7.20 (m, 12 H, aromatic and vinylic) . 

Subsequent elution with a mixture ^.i.^) of benzene and 
petroleum ether gave 55 mg (5%) of j40, mp 86-87 (mixture melt- 
ing point) . 

Further elution of the column with a mixture (Isl) of 
benzene and petroleum ether gave 900 mg (45%) of 5-ben3yl-2 , 3-dl- 
benzoyl-4-phenyl- A^-pyrroline (^) , mp 194 ^C, after recrystalli- 
zation from a mixture ( 1 ? 1 ) of methylene dichloride and petro- 
leum ether, 

IR spectrum (KBr) s 3260 / 3080, 3030 and 2975 

1685 and 1665 / and 1600 
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UV spectrum (Methanol) s 246 nm (£, 33, 500 ) , and 352 

( 22 , 100 ) * 

Mass spectrum, m/e (relative intensity) s 443 (M , 2), 441 
(m'^ -2 H, 54), 366 (M*^ '“‘^6^5' (54), 

351 (2), 338 (m"^ "COCgH^, 5), 336 (m”^' -2 H, ^COCgH^, 11), 259 (5), 
^248 (9)', 234 (2), 209 'UD/ 207 (11), 194 (18), 192 (7), 105 
(100) , )and 91 (44) . 

Anal . Calcd for '^31^125^^2 ‘ 83.97; H, 5,64; N, 3,16, 

Founds C, 83.81; H, 5,60; N, 3.21. 

Further elubion of the column with a mixture (9s 1) of ethyl 
acetate and benzene gave 400 mg (20%) of a polymeric material. 

Air-oxidation of 37c gave 5-benzYl-2 , 3“dibenzoyl-4-phenyl- 
pyrrole (4^), mp 217 °C, after recrystall j zation from methanol, 

IR spectrum (KBr) „ 3255 ^ 3075 and 2945 / 

1655 and 1645 (^q_ 5 q) / 1600 

UV spectrum \ (methanol) s 243 nm (£, 36,500), and 369 
max 

(25,700) . 

NMR spectrum (CDCl 2 )s 6 3.40 (s, 2 H, methylene), 7.20- 
8.30 (m, 20 H, aromatic), and 8,60 (s, 1 H, D 20 -exchangeable, NH) . 

Anal . Calcd for C, 84.35; H, 5,22; N, 3.17. 

Founds C, 84.16; H, 5.34; N, 3.24. 

S In Methanol . In a repeat experiment, a solution of 
35a (1 g, 2.25 mmol) in methanol (500 mb) was Irradiated (Hanovia 
450W medium pressure mercurry lamp with pyrex filter) for 1,5 h 
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and wotted up as in the earl'ier case to give 90 mg (21%) of 39 jQ, 

I 

mp 74-75 °C (mixture melting point), 65 mn (38%) of 38c , mp 41- 
42 °C (mixture melting point) , 24 mg (4%) of 40, mp 86-87 °C 
(mixture melting point), 455 mg (46%) of 37c , mp 194 (mixture 
melting point), and 180 mg (18%) of a polymeric material. 

1,4.6 irradiation of (E) -1- (2-Denzyl- cis -2 , 3-diphenyl- 
aziridinyl-1, 2 -dibenzoy] ethylene ( 35d ) . A In Benzene . A solu- 
tion of 35d (200 mg, 0.38 mmol) in benzene (250 mL) was purged 
with nitrogen and Irradiated (PPR, 3500 8 lamp source) for 2 h. 
The irradiation was repeated several times to photolyse, in all, 

2 g (3.85 mmol) of 35d « Removal of the solvent under vacuum from 
the combined photoiysates gave a residual solid which was chro- 
matographed over neutral alumina. Elution with petroleum ether 
gave 250 mg (30%) of trans -j3~~ benzyl stllbene (3^a) / mp 133 ^C, 
after recrystallization from methanol, 

TR spectrum (KBr) s 3078, 3055, 2984 and 2875 

1586 cm"^. 

UV spectrum X (Methanol ) 2 293 nm (£, 23,200). 

iflOyC 

NMR spectrum (CDCl^) s 6 3.60 (s, 2 H, methylene), 7.2- 

8.3 (m, 16 H, aromatic and vinylic) . 

Anal . Calcd for C 27 H^gS C, 93.33; H, 6,67. Found: C, 93.51; 
H, 6.55, 

Further elution with petroleum ether gave 290 mg (35%) of 
cis -jS -benzyl stilbene ( 38d ) , mp 79-80 ^C, after recrystallization 
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from methanol , 

IR spectrum (KBr) o’ 3082, 3052, 2980 and 2872 . 

and 1584 (^^^=0^ • 

UV spectrum (methanol); 286 nm (£,, 23,400). 

riiQpX 

1 

H l^MR spectrum (CDCl^) s 6 3,40 (s, 2 H, methylene), and 

7,l0"-8.30 (m, 16 H, aromatic and vinylic). 

Anal . Calcd for C, 93,33; H, 6,61. Founds c, 

93.61; H, 6.38. 

Subsequent elution of the column with a mixture (ls4) of 
benzene and petroleum ether gave 105 mg (11%) of £0, mp 86-87 
(mixture melting point), after recrystallization from methanol. 

Further elution with a mixture (Isl) of benzene and petro- 
leum ether gave 200 mg (10%) of 5-benzyl-2 , 3-dibenzoyl- Gls -4, 5- 
diphenyl- A “pyrroline ( 37d ) , mp 211 ^G, after recrysta] lization 
from a mixture (Isl) of methylene dichl orido and petroleum 
ether, 

IR spectrum (KBr) s 3245 (^^,„) / 309:1, 3085, 3025, 

ITicIX No 

2975 and 2845 (’'c=0^' ^’'c=C^ cm"^. 

UV spectrum /X (methanol) s 240 nm (t, 34,350), and 360 

illcLX 

(21,600) . 

1 

H UMR spectmm (CDClg) s 6 2,80 (q, 2 H, methylene), 3.54 

(s, 1 H/ methine) , and 6,80 (broad s# 1 H, D^O-exchangeable, NH) , 
7*10-8,10 (m/ 25 H/ aromatic). 



Anal . Calcd. ■Eoir ^3'7^29^^2* 85«55/ 5*59/ N/ 2,70« 

Founds C/ 85.83? H, 5.48? N, 2.86. 

Further elution of the column with methanol gave 400 mg 
(20%) of a polymeric material, 

£ in Methanol . In a repeat experiment, a solution of 35d 
(1 g, 1,89 mmol) in methanol (500 mL) was irradiated (Hanovia 
450W medium pressure mercury lamp with pyrex filter) for 1.5 h 
and worked up as in the earlier case to give 120 mg (29%) of 39d , 
mp 133 (mixture melting point) , 140 mg (32%) of 38d / mp 79- 
80 (mixture melting point), 60 mg (13%) of _40/ mp 86-87 
(mixture melting point) , 75 mg (8%) of 37d , mp 211 (mixture 
melting point), and 250 mg (25%) of a polymeric material. 

1.4.7 Irradiation of (Z) -l-Aziridinyl-l , 2--dibenzoy3 - 
alkenes ( 36a -d) . A general procedure was to irradiate a solution 
of the z isomers ( 36a -d, 2-3 mmol) in benzene (500 mL) under a 
Hanovia 450W medium pressure mercury lamp source for a period of 
2. 0-2. 5 h. After removal of the solvent under reduced pressure, 
the residual solid was chromatographed over alumina. Elution of 
the column with petroleum ether gave a mixture of the trans - and 
cis -ethy] one derivatives, which could be separated and purified 
by fractional crystallization from methanol. Subsequent elution 
of the column v/ith a mixture (ls9) of benzene and petroleum ether 
gave the unchanged starting material (Z isomers). Further elution 
with a mixture {lj4) of benzene and petroleum ether gave the 
E isomers (35a-d) . Continued elution of the column with a mixture 
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Irradiation of 36a . 36a (1 g/ 2,33 mmol) was irradiated 

' ■iiiiii I 

for 2 h and worked up to give 45 mg (10%) of 39a/ mp 124 
(mixture melting point), 35 mg (8%) of 38a , bp 84 °C (@ 4 mm), 

220 mg (22%) of 36a , mp 158 (mixture melting point), 300 mg 
(30%) of the E isomer 35a , mp 146 (mixture melting point, 

110 mg (11%) of the pyrroline 37a , mp 186 (mixture melting 
point) and 150 mg (15%) of a polymeric material. 

irradiation of 36b . Irradiation of 3 6b (1 g, 2,33 mmol) 
for 2 h and workup of the reaction mixture gave 35 mg (8%) of 39a 
mp 124 (mixture melting point), 40 mg (9%) of 38a , bp 84 °C 
((^ 4 mm), 200 mg (20%) of the unchanged starting material ( 36b ) , 
mp 113 (mixture melting point) , 330 mg (3 3%) of the E isomer, 
35b , mp 164 (mixture melting point), 130 mg (13%) of the pyrro 
line derivative 37a , mp 207 C (mixture melting point) and 150 mg 
(15%) of a polymeric material. 

Irradiation of 3 6 g . 36g (1 g, 2.25 mmol) was photolysed 

for 2,5 h and worked up to give 30 mg (7%) of 39c , mp 74-75 
(mixture melting point) , 25 mg (6%) of 38c , mp 41-42 (mixture 
melting point), 180 mg (18%) of the unchanged starting material 
36c , mp 133 (mixture melting point) , 350 mg (35%) of the E 
isomer 35c , mp 126 (mixture melting point), 120 mg (12%) of 
the pyrroline 37c, mp 194 (mixture melting point) , and 150 mg 
(15%) of a polymeric material. 

Irradiation of SOd ^ Irradiation of 36d (1 g, 1,98 mmol) 
for 2,5 h gave 70 mg (17%) of 39d , mp 130-131 (mixture melting 
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point); 65 mg (16%) of 30^, mp 79-80 (mixture melting point); 
100 mg (10%) of the unchanged starting material 36d ; mp 120-121 *^C 
(mixture melting point); 2 8 mg (3%) of 40, mp 86-87 (mixture 
melting point), 200 mg (20%) of the E isomer 35d / mp 176 (mix- 
ture melting point), 40 mg (4%) of the pyrroline 37d , mp 211 
(mixture meltJng point), and 180 mq {'^Q%) of a polymeric material. 

1.4,8 Thermolysis of in Diphenyl Ether (DPE) . A solu- 

tion of 37a (500 mg, 1.16 mmol) in DPE (10 mL) vas heated around 
2 55 for 1 h. Removal of the solvent xmder vacuum gave a resi- 

dua] solid, wh:)Ch was chromatographed over silica gel. Elution 
of the column with a mixture (1:2) of benzene and petroleum ether 
gave 125 mg (26%) of 3-benzoyl-2 , 4, 5-triphenyl layrrole (4_4) , 
mp 203 ^C, after recrystalllzation from a mixture (Isl) of ben- 
zene and petroleum ether, 

IR spectrum (KBr) 3226 / 3085 and 3045 ^ 

1666 (^,^_;^) / and 1600 and 1585 (2^- -,) cm 

C~“0 O'— o 

UV spectrum X (methanoDs 235 nm (E, 29,300), and 276 
(26,700) . 

MMR spectrum (CIXll^) s 6 6.80-8,10 (m, 20 H; aromatic) 

and 9,30 (broad s, 1 H, D^^O-exchangeable , NH) , 

-I- 

Mass spectrum, m/e (relative Intensity) j 399 (M , 3), 398 
(20), 322 (5), 321 (2), 294 (8), 293 (3), 221 (17), 220 (2), 206 
(11), (195 (48)>, 193 (33), 178 (27), 105 (100), 103 (2) and 
77 (93) . / 
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Anal . Calod forC 2 gH 2 ^NOs C, 87.22; H, 5,26; N/ 3,51. 

Pounds C, 87.41; H/ 5,34; N/ 3.50, 

Further elution of the column with a mixture (Isl) of 
benzene and petroleum ether gave 270 mg (54%) of 2 / 3-dibenzoyl- 
4/ 5- diphenyl pyrrole (^) , mp 241 C (mixture melting point)/ 
after recry s ball ization from a mixture (Isl) of methylene dichlo- 
rido and petroleum ether, 

1.4.9 Thermolysis of 37b in DPE. A solution of 37b (500 mg, 
1,16 mmol) in DPE (10 mL) was heated around 255 for 1 h and 

the reaction mixture was vzorked up as in the earlier case to give 
140 mg (30%) of 44, mp 203 (mixture melting point) and 255 mg 
(51%) of 4^/ mp 241 °C (mixture melting point) , 

1.4.10 Preparation of ^ from 46. To a stirred slurry of 

46 (500 mg# 0,16 mmol) in petroleum ether (15 mL) was added 

phosphorous trichloride (545 mg, 0,40 mnol) over 5 minutes at 
room temperature and the reaction mixture was then refluxed for 
1 h. Removal of the solvent under reduced pressure gave the 
crude diacyl chloride/ which was dissolved in benzene (15 mL) . 

This solution was then gradually added to a stirred slurry of 
aluminium chloride (530 mg/ 0.4 mmol) in benzene (25 mL) at 5 . 

The reaction mixture was stirred at room temperature (^*25 °C) for 
3 h and worked up by pouring over crushed ice and extraction with 
benzene. Removal of the solvent under vacuum gave 550 mg (78%) 

of 43_/ mp 239-240 (mixture melting point)/ after recrysta] liza- 
tion from a mixture (J$l) of methy]ene dichloride and petroleum 


4- V\ ■»«< 
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29 

1.4.11 Preparation of 4^ from 47. Treatment of ^ 

(500 mg, 0.15 mmol) v/ith phosphorous trichloride (265 mg, 0.2 0 m~ 
mol) as in the earlier case gave the corresponding acyl chloride, 
which was subsequently treated with benzene in presence of alumi- 
nium chloride to give 450 mg (79%) of £4, mp 201-202 (mixture 
melting point, after recrystallization from a mixture (Isl) of 
methylene dichloride and petroleum ether. 

38 

1.4.12 Laser Flash Photolysis. Pulse excitation was 

carried out at 337.1 nm (2-3 miT, 8 ns), employing a UV 400 

Molectron Nitrogen laser. The transient phenomena were observed 

in 3 X 7 rnm quartz cells using a kinetic spectrometer, described 
49 

elsewhere. * The solvents employed were benzene and methanol 
and unless oxygen effects were meant to be studied, the solutions 
were deoxygenated by purging with argon or nitrogen. In the 
experiments where a large number of laser shots were necessary, 
e.g., for wave length-by- wave length measurements of transient 
absorption spectra, a flow system was used in which the solution 
for photolysis was allowed to drain from a reservoir through the 


coll . 
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CHAPTER II 


PHOTOTRANSFORMATIONS OF l-IMIDA^OLYL 
1, 2~DIBENZ0VI/ALKENFS 


II. 1 ABSTRACT 

The photochemistry of a number of l-imidazolyl~l/ 2~diben- 
zoylalkenes has been investigated through steady- state photo- 
lysis. Laser flash photolysis experiments have been carried out 
to study the transients involved in these photo reactions and 
thereby to understand the mechanistic details. The substrates 
that we have examined in the present studies include (E)-l- 
(2 , 4, 5-triphenylimida2olyl) -1 , 2-diben2oylethylene (^) / (E)-l- 
( 4^ 5-diphenylimidazolyl) -1/ 2-dibenzoylethylene ( 3b ) t (E)-l- 
(4, 5-dimethyl-2-phenylimidazolyl) -1/ 2-dibenzoyl ethylene (3£) , 

( E)-l-( 2-phenyl benzimidazolyl ) -1/2-dibenzoylethylene (3d), (1)” 

l-benzimidazolyl-l, 2- di benzoyl ethylene (3e) and (2)-l-'{2-phenyl-“ 
benzimidazolyl ) -1, 2-dibenzoYl ethylene (^) , 

Product analysis revealed that several pho tore actions 
are involved in the transformations of l-imidazolyl-l, 2-diben- 
zoyl alkenes, depending on the substituents present in the 
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imidazo] yl moieties. These include intramolecular phenyl group 
migration leading to ketene-mediated S-butenoic acids or esters ^ 
electrocyclic ring-closure reactions leading to dihydrophenan-* 
threne and dJ hydroisoquinoline derivatives and also photofrag- 
mentatjon reactions resulting in the loss of imidazolyl moieties 
from the parent dibenzoyl alkenes. Laser flash photolysis in 
seven] cases gave rise to transient processes attributable to 
ketene and zwi tterlonic intermediates. Reasonable mechanisms 
have been suggested to account for the different products formed 
in these photoreactions . 

II. 2 INTRODUCTION 

Photorearrangements of 1 / ?*-dibenzoyl alkcnes are known to 

Live a variety of products, depending on the nature of substi- 

tuents present in them. The phototransf ormations of several 

substrates containing 1^ 2-dibenzoy] alkene moieties such as 

7 8 9—11 

1,4- and 1,2-epoxy compounds, ' dibenzobarro] enes, i-pyra- 

12 13 

2 olyl-i / 2 -diben 2 oylalkenes, * and 1-aziridinyl-l/ 2-dibenzoyl- 
14 

alkenes have been reported recently from this laboratory. The 
object of the present investigation has been to examine the 
phototransf ormations of selected l-imidazolyl-l , 2-dibenzoyl- 
alkenes and 1-benzimidazolyl-l, 2-dibenzoyl alkenes containing 
suitably positioned substituents which are capable of under- 
going other types of photoreactions, besides the 1, 2-dibenzoyl- 
alkene rearrangement. In addition, laser flash photolysis , 
studies have been carried out to characterize the transients 
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involved in these photoreactions* Some of the substrates that 
we have examined in this study include (E) -1- ( 4^ 5- triphenyl- 
imidazolyl) -1/ 2-diben2oylethylene (3a), (E)-l-(4,5-diphenyl- 
imidazolyl ) -1, 2-diben2;oylethylene (2^)/ (E)~l-(4,5*-dimethyl- 
2 -phenylimida 2 olyl) -3 / 2-dibenzoylethylene ( 3 g) r (E)-3-(2-phen- 
ylbenzimidazolyl) -1, 2-diben2oyl ethylene (3d), (E)-l-benzimida-' 
20 lyl-l , 2-dibenzoylethylene (2®)/ (z) “I- (2-phenylbenzimida- 

2 olyl)-l, 2-diben3oylethylene (;^) . 

In principle, the photoreactions of (E) -l-imidazolyl-l, 2-di- 
benzoyl ethyl enes (3a-e) should follow two distinct pathways, one 
involving the reactions of the imidazolyl component and the other 
relating to the dibenzoyl alkene fragment* In addition, substra- 
tes such as ^ and ^ containing cis -stilbene moieties should be 
capable of undergoing electrocyclic ring-closure reactions lead- 
ing to dihydrophenanthrene derivatives. Substrates such as 3a, 

3c and bearing a phenyl substituent at the c-2 position of 
the imidazolyl moiety should, on the other hand, be capable of 
undergoing electrocyaliG ring-closure reactions, incorporating 
the phenyl substituent and the 1, 2-dibenzoyl alkene fragment, 
leading to imidazole [ 2, 1-a]- 5, 6-dj hydroisoquinoline derivatives, 
besides other reactions, 

11,3 RESULTS AND DISCUSSION 

11*3,1 Preparation of Starting Materials . We have pre- 
pared the (E)-l-im±dazolyl-l, 2-dibenzoylalkenes, 3a-e and the 
corresponding Z isomers, 4a- e in yields ranging between 66-82% 
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and 6-35%, respectively, through the reaction of the appropriate 

imidazoles, la -e with dibenzoyl acetylene (DBA, 2) in refluxing 

acetonitrile (Scheme II.l) . The structures of all these adducts 

were determined on the basis of analytical results and spectral 

data, whereas, the geometry across the carbon -carbon double bond 

14-1 

has been ascertained on the basis of their electronic spectra. 

The E isomers 3a~e show an absorption maximum, in each case, 
around 250-271 nm, with relatively lower extinction coefficients, 
whereas the z isomers 4a-e absorb around 260-280 nm with higher 
extinction coef f icients . 

11,3,2 preparative Photochemistry and product Identifi - 
cation . Irradiation of ^ in benzene gave a 18% yield of t hreo - 
5, 6~dibenzoyl-2 , 3-diphGnylimidazolo[2, l-aJ-5, 6-dihydroisoquino- 
line (7a), 22% yield of (E)-l-(7a,7b-dihydrophenanthro[9/10-d]- 
2-phenylimidazolyl) “1, 2-dibenzoylethylene , 20% yield of 

(E)-l- (phenanthro[9, 10-d]-2-phenylimidazolyl ) -1 , 2-dibenzoylethy- 
lene (§^) t 17% yield of 2 , 4, S-triphenylimidazole (3^), and a 6% 
yield of trans- I, ?-diben 2 oyl ethylene (8) (Scheme TI.2), Similarly, 
the irradiation of 3a in methanol gave a mixture of 7a (10%), ^ 
(15%) , ^ (25%) , l_a (34%) , and trans -l-methoxy- 1, 2-dibenzoyl - 
ethylene (9, 14%) . The structures of ^ and 7a have been 
determined on the basis of analytical results and spectral data, 
whereas the structures of 1^, 8 and 9 were confirmed by comparing 
their melting points and mixture melting points with authentic 
samples . 
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1 

The H NMR spectrum of 5^, for example, showed a doublet 

of a doublet at 6 2.45 (1 H, = 18 Hz, = 4^5 Hz), 

assigned to the C~7b proton and a second doublet of a doublet at 

6 3.25 (1 H, “ 18 Hz, 0 = 6.5 Hz), assigned to the 

C~7b proton. The protons at c-7 and C-8 positions appeared as 

two quartets at 6 5,15 (1 H) and 6 6,65 (1 H) , respectively, 

whereas the aromatic and vinylic protons appeared as a complex 

multiplet centered at 6 8,0 (22 H) (Figure 11,2), On the other 
1 

hand, the H NMR spectrum of 6 a showed a multiplet spread over 
the region at 6 6,95-8,85, assigned to the aromatic and vinylic 
protons (Figure 11,3). 

Further confirmation on the structures of ^ and ^ was 
derived through the air-oxidation of ^ in refluxing benzene to 
give a 81% yield of 6^, 

The NMR spectrum of 7a showed a doublet at 6 3,05 (1 H, 
J = 15 Hz), assigned to the G -6 protons and another doublet at 
6 4,35 (1 H, J =: 15 Hz), assigned to the C-5 proton. The 
aromatic protons appeared as a multiplet centered around 6 7,75 
(24 H) (Figure II. 4) , The relatively high coupling constant of 
15 Hz (J|^ g) indicates that the C-5 and C-6 protons in 7a are 
anti with respect to each other as would be the case with the 
threo isomer. 

Similarly, the irradiation of ^ in benzene gave a mixture 
of (E) -1- (7a, 7b-dihydrophenanthro[9/ 10-d]imidazolyl) -1, 2-diben- 
zoylethylene 24%), (e) - 1- (phenanthro[9, 10-d]inrildazolyl ) - 
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Figure 11*2 NMR spectrum {90 MHz) of So « 




Figure 11*3 *H NMR spectrum {90 MHz) of 6a * 
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Figure JI-4 NMR spectrum (90 MHz) of 7a. 
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1 , 2'-diben2oyl ethylene (6b, 24%), 4, 5-diphenyl imidazole (lb, 35%), 
and bran s- 1, 2 benzoyl ethylene (8, 12%), whereas the irradiation 

of 25 methanol yielded 16% of 5b, 28% of 6b, 38% of and 
17% of 9. Likewise, the irradiation of 3c^ in benzene gave a 31% 
yield of threo-5, 6-dibenzoYl-2 , 3 -dimethyl imidazolo 1*2 ,l-a]-5, 6-di- 
hydroisoquinoline (7c), a 47% yield of 1^, and a 15% yield of 8, 
whereas the irradiation of 3_c in methanol gave a 25% yield of 7c, 
a 59% yield of Ic, and a 23% yield of 9. 

In contrast, the irradiation of 3d in benzene gave a mix- 
ture of threo -5 / 6-dibenzoylben2imidazolor 2 , l-a]-5, S-dihydroiso- 
quinoline (7d, 13%), 2~ ( 1- ( 2-phenylbenzimidazolyl) ) -4-phenoxy- 
4-phenyl-'3-butenoic acid ( lOd, 9%) , 2-phenylbenzimidazole ( Id, 

58%), and trans -1 , 2 -dlbenzoyl ethylene (8, 18%), whereas the 
irradiation of 3d in methanol gave a mixture of methyl 2-(l-(2-phe“ 
nylbenzimidazolyl) ) -4-phenoi y”4-phenyl-3-bi benoate ( lid , 14%), 7d 
(8%), Id (65%), and 9 (27%). 

Similarly, the irradiation of 3e in benzene, under analo- 
gous conditions, gave a mixture of 2-(l-ben2imidazolyl)~4-phen- 
oxy~4-phenyl-3-butenoic acid ( lOe , 19%), benzimidazole (le, 56%) 
and trans-1/ 2-di benzoyl ethylene (8, 18%), On the other hand, 
when the irradiation of 2® carried out in methanol, a mixture 

of methyl 2- (l-benzimidazolyl) -4-phenoxy-4-phenyl-3-butenoate 
( lie , 22%), le (59%) and 9 (21%) was obtained. 

The structures of the butenoic acids IQd and lOe and the 
methyl butenoates 13d and lie were established on the basis of 
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1 

analytical results and spectral data. The H NMR spectrxim of 
lOd, for example^ showed a doublet at 6 5.90 (1 H/ J = 8 Hz, 
D 20 -exGhangeable) / assigned to the methine proton and a second 
doublet at 6 6.45 (1 H, J = 9 Hz), assigned to the vinylic 
X^roton, The aromatic protons appeared as a multiplet centered 
around 6 7.55 (19 H) / whereas the carboxylic acid proton appear- 
ed as a broad singlet at 6 7,85 (1 H, D20-exchangeable) . The 
H NMR spectrum of lid on the other hand^ showed a singlet 
at 6 3.75 (3 H) , assigned to the ester methoxy protons and two 
doublets at 5 5.80 (1 H, J = 8 Hz, D20-exchangeable) and ^ 6,35 
(1 H, J = 8 Hz), assigned to the methine and vinylic protons, 
respectively. The aromatic protons of lid appeared as a multi- 
plet centered around 6 7.58 (19 H) (Figure 11,5). Similarly, 
the NMR spectral data of lOe and lie are also in agreement 
with their structural assignments. 

Further confirmation of the structures of the butenoic 
acids IQd and iQe and the esters lid and lie was derived by the 
conversion of lOd and lOe , through treatment with diazomethane, 
to lid (68%) and lie (72%), respectively. 

In order to study the photobehavior of the (Z) -1-imldazo- 
lyl-1, 2-dibenzoyl alkenes, we have examined the photo transforma- 
tion of a representative example, namely,(z)-l~(2'-phenylbenz- 
imidazolyl)-! / 2-dibenzoylethylene (^) . Irradiation of in 
benzene gave s 8% yield of lOd, a 20% yield of the E isomer, 3d / 
e 10% recovery of the unchanged starting material a 36% 
yield of and a 14% yield of 8. 
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Figure II-5 NMR spectrum (90 MHz) of Hd. 
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II ,3, 3 Discussion . The formation of the different 
products in the photoreactions of l-imidc^oclyl-l , 2-dibenzoyl- 
alkenes ( 3a-e) can be understood in terms of the reaction path- 
ways shown in Schemes 11,4-11,6. It is quite evident that the 
photoreactions of 3a-e are strongly dependent on the substituents 
present in the imidazolyl component and several pathways, lead- 
ing to different products are discussed in these cases. One of 
the photoreactions observed in the case of ^ and containing 
phenyl substituents at the C~4 and C-5 positions of the imidazo- 
lyl moiety, for example, is a singlet state mediated electro- 
cyclic ring closure reaction, leading to the dihydrophenanthrene 
derivatives ^ and respectively (Scheme II ,.4, path "a"), 

Such ring closure reactions leading to dihydrophenanthrene deri- 

IQ 

vatives, are well documented in the literature. The formation 
of the phenanthroimidazolyX- 1 , 2-dibGnzoylaikenes 6a and ^ in 
the photoreactions of ^ and however, could be understood in 

terms of the air- oxidation of the dihydrophenanthrene derivat- 
ives, 5a and 5b, respectively, under the reaction conditions. 

A second mode of reaction, observed in the case of those 
substrates containing a phenyl substituent in the C-2 position 
of the imidazolyl component, as in the case of 3c , and ^ is 
again a singlet state mediated 10 or 14 electron, electrocyolic , 
conrotatory ring-closure reaction, involving the phenyl substi- 
tuent and the 1, 2-dibenzoylalkene component, and leading to the 
zwitterionic intermediates 12a, c, d, as shown in Scheme II.4 


\ 
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(path "b"). Subsequent proton shifts in 1 2a /C, d through a [l/3] 

or two successive [l/2] sigmatropic shifts will lead to the 

imidazolo[2/ l-aj~5^ 6~dihydroisoquinoline derivatives 7a, 

7d , respectively. It may be mentioned here that similar electro- 

cyclic ring-closure reacrions have been observed earlier in the 

photoreactions of S-phenyl substituted l-pyrazolyl-l, 2-dibenzoYl- 

alkenes, leading to the corresponding pYrazolo[5, l-aJ-B, 6-dlhydro 

12 

isoquinoline derivatives. 

Yet another photo re action, that has been observed only in 
the case of 3d and ^ in the present studies, is the l,2*-dibenzo- 
ylalkene rearrangement, ~ proceeding through the ketene inter- 
mediates 15d , G and leading to the butenoic acids lOd , e or the 
butenoic esters lid , e, respectively, depending on the reaction 

conditions (Scheme IT, 5, path “d”) . On the basis of analogy to 

12 

the photorearrangements of l<-pyrazolyl-l, 2-'dibenzoylalkenes , 
it has been assumed that the ketene intermediates 15d ,e are 
formed from the singlet excited state and involving singlet 
diradical intermediates 16d , e, as shown in Scheme ll.5 (path ’‘d” ) 
It may be pointed out here that the observed regioselectivity, 
leading to the ketene intermediates 15d , e (Scheme II. 5, path ’*d”) 
as against 17d , e (Scheme 11.5, path "e”) could be understood in 
terms of the ground-state conformational preferences of the start 
ing imidazolyl-l, 2-dibenzoyl alkenes The conformers leading 

to the diradical intermediates 13d , e (path “c”) will be less 
populated due to steric crowding, as compared to those, leading 
to the diradical intermediates l^,e (path <*d“) and hence the 



Scheme 11.5 



10d)R’ = C:6H5 lld)R’=C6H5 

e) r’ = H e) r’= H 
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observed regioselectivity . It is not very clear why the 3 , 2-*da.~ 
benzoylalkene rearrangement has been observed only In the case 
of ^ and ^ and not in other suDstrates (^/b/C), under study. 
Perhaps/ other reactions such as photofragmentations (Scheme 1 1, 6) 
and electrocyclic reactions (Scheme 11,4) may ne predominant in 
these cases. Also/ steric factors, arising through phenyl or 
methyl substituents at C-4 and C-5 positions of the imidazolyl 
moiety, may be adversely affecting the 1, 2-dibenzoylalkene 
rearrangement occurring in 3a, b, c , 

The formation of photof ragmentation products such as imida- 
zoles (la-c) or benzimidazoles (^/£) / trans -l, 2-dibenzoylethylene 
(8) and tr a n s - 1 -me thoxy- 1 , 2 - di ben z oy 1 e thy 1 en e (9) in these react- 
ions could be understood in terms of pathways shown in Scheme II,6y 
involving zwitter ionic intermediates ( 19a -e) , A similar pathway 

has been suggested earlier for the formation of pyrazoles from 

12 

l-pyrazolyl-l, 2-dibenzoylalkenes . It is also possible that 
small amounts of la -e and 8 in these reactions could arise 
through radical intermediates such as 2Qa -e and ^ (Scheme 11.6) , 

19 . . 

11,3.4 Laser Plash Photolysis Studies . preliminary 
studies using 337.1 nm laser excitation showed that the flash 
photolysis of 3_a, 3c and ^ in benzene and methanol and of 3d 
and ^ in benzene led to only very weak, featureless transient 
absorption phenomena at 350-700 nm in the time domain 0. 1-100 jUs. 
These systems were not pursued in any more detail. In the case 



Scheme II .6 
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of ^ in benzene = 337*1 nm) , ground state bleaching due 

to photochemical ]oss v/as noticed at < 370 nm, suggesting the 
photo reactive nature of the compound. The laser induced nega^ 
tive absorbance changes did not show any sign of recovery over 
the longest time scale (roioo jUs) . 

The most prominent transient phenomena are observed in the 
case of Upon 308 or 337,1 nm laser flash photolysis of 3b 

in both benzene and methanoi / a long-lived transient species 
with absorption maximum at 640 nm is formed fast within che 
laser pulse (Figure IT, 6) . As evident from the transient spec- 
trum in benzene (Figure 11,6, part A), a second absorption band 
system is located at 360-390 nm, that this also belongs ho the 
640 nm species Is suggested by the similarity of decay kinetics 
at the two wavelengths. An important difference noticeable 
between benzene and methanol (Figure 11,6) is that, in the 
spectral region 350-380 nm, the absorbance change is relatively 
small in benzene while a growth process leading to pronounced 
absorbance changes in this region occurs in methanol. The life- 
time associated with this growth process is 0,64 }is. 

The presence of oxygen (<^2 mM, air-saturated solutions) 
does not make any difference to the yields and dec ay/growth 
kinetics of the transient absorptions photogenerated from ^ in 
methanol or benzene. The decay of the 640 nm species becomes 
enhanced on going from benzene (T = 80 jis) to methanol (t:s= 17 )is) , 
This species is readily quenchable by acids. For example, the 
unimolecular rate constants for quenching by trifluoroaaetic acid 
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Figur® 11*6 Transient absorption spectra observed at 2ps 
following 308 nm laser flash photolysis of 
in (A) benzene and (B) methanol. 
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(in benzene) and hydrochloric acid (in methanol containing 5% 

H 2 O) are 5.0 x 10^ and 6.1 x 10^ M respectively. The 

kinetic data were obtained from the linear dependence of the 
pseudo first-order rate constant for 640 nm transient absorbance 
decay on acid concentrations. An alkali^ added as tetramethyl- 
ammoniiom hydroxide ( ^^ 6 mM) in ls9 H 20 sMeOH (v/v) , does not 
have any noticeable effect on the decay kinetics. 

The growth of short-wavelength transient absorption (350- 
390 nm) , observed for 3b in methanol, is found bo be common with 
3d and 3e in the saine solvent (Figure II. 7, parts A and B) , In 
particular, the transient processes is very prominent with 3e . 

It IS associated with the reaction of the alcohol with a photo- 
product, as indicated by the observation of similar, but slower 
growths of transient absorption in the case of ^ in benzene- 
methanol mixtures. The transient spectrum in benzene contain- 
ing 2.5 M methanol is shown in Figure 11.7, part C. In aqueous 
methanol and in the presence of an alkali ( tetrame thy I ammonium 
hydroxide) , the methanol -related growth kinetics become enhanced. 
Table JI.l summarizes the lifetime data associated with the 
methanol-related processes. 

In order to examine if the transient phenomena observed 

under direct laser excitation are also obtainable under triplet 

sensitization, experiments were done in which biphenyl triplet 

20 

was produced by pulse radiolysis. In benzene in the presence 
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Table 11,1, Lifetimes Associated wj th the Growth Kinetics at 
360-390 nm Observed upon 337.1 or 308 nm Laser 
Flash photolysis of 1-Imj dasolyl-1 / 2-diben2:oyl- 
alkenes in Solvents Containing Methanol. 


Substrate 


a 

Ta JUS 

Me OH 

MeOH + 5% H^O 

^ b 

•t 5.6 mM TMAH 


0.64 

0.26 

IS 

2.90 

0.20 

3e 

1.90 

0.11 


a / + 15% 

bi TMAH = tetrame thy 1 ammonium hydroxide 
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of ^ and ^ at 0.5>-2,0 rtiM concentrations. The solutions for 
these experiments contained 0*05 M biphenyl? at this hjgh con- 
centration/ the latter accepted energy from the pulse-radio- 

20 

lytic solvent triplets (benzene) and then transferred energy 
to the substrates. For 3b, concomitant with the decay of biphe- 
nyl triplet (monitored at 360 nm) / the growth of the 640 nm 
species has been observed. This is illustrated by the transient 
spectra and Icinetic traces in Figure II. 8, This result estab- 
lished that 640 nm species could be produced through the inter- 
mediacy of the triplet. In contrast/ negative results were 
obtained concerning the methanol -related growth processes using 
3e as the acceptor of energy from biphenyl triplet in benzene 
+ 5-15% methanol. That the biphenyl triplet was pulse-radio- 
lytically produced in the presence of methanol and was quenched 
by ^ was shown by the enhanced decay of its transient absorp- 
tion at 360-400 nm. Thus/ it is concluded that the photoproduct 
reacting with methanol in the case of by analogy/ 3b/ d) 

are singlet-derived. Pulse radiolysis experiments using 3b/ C/ e 
at relatively high concentrations («^5 mM) did not furnish 
evidence for any longlived substrate triplets (with t > loo ns) . 
This, coupled with the fact that the formation ^kinetics of the 
640 nm species in the case of 3b matched very well with that of 
the decay of biphenyl triplet/ suggested that the triplets of 
the dibenzoylalkenes under study are shortlived ( < 100 ns) . 

. . 3 2 

As discussed in detail in a recent paper on 1-pyrazolyl- 
1 / 2-dibenzoyl alkenes/ the most plausible explanation for the 
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Figure II. 8 Transient absorption spectra at 5/js following electron 
pulse irradiation of 0.05M biphenyl in benzene 
containing l.tmM J.b. Insets: kinetic traces showing 
A decay of biphenyl triplet at 370 nm and B 
growth of transient absorption at 6A0nm. 
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methanol- re 1 ated growth phenomena at short wavelengths may be 
sought in terms of the reaction of the alcohol with the ketene 
15 (Scheme II. 5), formed as a result of singlet-mediated/ intra- 
molecular, phenyl group migration. Thus, the primary species con- 
tributing to the plateau absorbance at 350-400 nm following the 
completion of growith in the presence of methanol can be the enol 
(24) or the enol ate anion (^) / depending upon the basicity of the 
medium. This species undergoes ketonization to the ester on a 
longer time scale (millisecond) . It is to be noted that the 




24 


25 


methanol-related transient phenomena are the most prominent in 
the case of 2®? this is also the substrate for which the photo- 
transformation involving intramolecular phenyl group migration 
occurs with the highest yields (under steady-state irradiation) . 

The spectral characteristics and quenching behaviors of the 

640 nm species from 2 ^, and its formation via the triplet route 

are remine scent of the 600/400 nm species that were commonly 

observed in the course of the laser flash photolysis of 1-pyrazo- 

12 

lyl-l,2-diben2oylalkenes . In view of its quenching by acids, 

1 2 

it appears to be a zwitterion. As reported earlier, a tentative 
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assignment in terms of the zwitterionic structure has been 
offered (Scheme Il,6)? this> however^ cannot explain why tran- 
sient species with similar spectral and kinetic behavior are not 
observed in the case of Sa^c -e, although the steady- state photo- 
transformation involving cyclization and methanol addition 
(Scheme II. 6) appears to be pronounced for these substrates 
also. 


II. 4 EXPERIMENTAL SECTION 

All melting points are uncorrected and were determined on 
a Mel-Temp melting point apparatus. The IR spectra vsTere record- 
ed on perkin-Elmer Model 377 or 580 infrared spectrophotometers. 

The electronic spectra were recorded on Cary 17JD or 219 spectro- 
1 

photometers. H NMP spectra were recorded on either Varian 

13 

EM-390 or HA-100 NMR spectrometers/ whereas C NMR spectra were 
recorded on either Bruck^r CPT-90 or Varian CFT-20C NMR spectro- 
meters, using tetramethyl silane as internal standard. The mass 
spectra were recorded on a Varian Mat CH7 or Hitachi RMU-6E 
single- focussing mass spectrometer at 70 ev. All steady-state 
irradiations were carried out using Hanovia 450 W medium pressure 
mercury lamp In a quartz- jacketted immersion well. 


1 1. 4.1 Starting Materials . 2, 4> 5-Triphenyl imidazole 
(1^),^^'^^ mp 271-273 4/ 5-diphenylimidazole (ib),^^ mp 231- 


232 4/ 5-dimethyl -2 -phenyl imidazole (Ic)/^"^ mp 142-143 ^C, 


25 n 
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mp 171 and DBA { 2 ),^^*^^ mp 110-111 were prepared 
by reported procedures. Solvents for steady-state photolysis 
v^ere purified and distilled before use, whereas Aldrich Gold 
label solvents were used for laser studies. 

11.4,2 Preparation of (E ) - and ( 2) -1-Imidazolyl- 1, 2-di- 
benzoyl ethyl enes 3a-e and 4a-e , A general procedure for the 
preparation of 3a-e and 4a-e was to reflux a mixture of the 
appropriate imidazole ( la-c) or benzimidazole (ld,e) (0,01 mol) 
and DBA (0,01 mol) in acetonitrile for varying periods of time. 
Removal of the solvent under vacuum gave a residual solid, which 
was chromatographed on silica gel and eluted with a mixture of 
benzene and petroleum ether to give the z jsomer first, followed 
by the E jsomer* These adducts were purified, in each case, by 
recrystallization from suitable solvents - 

(Z) -1- (2,4, 5-Triphenyl Imidazolyl ) -1, 2-dib~^nzoylethylene 
( 4a) , ^ was obtained in a 22% yield (elution with a ls3 mixture 

of benzene and petroleum ether and recrystallization from a Isl 
mixture of benzene and petroleum ether), mp 194-195 ^C, 

IR spectrum ^ (KBr) s 3060 and 3040 » 1675 and 1660 

max On. 

UV spectrum X (methanol) s 220 nm (t, 54,750), and 278 
max 

(53,000) . 

NMR spectrum (CJDCl^) s 6 7,10-8.20 (m, vinylic and 


aromatic) , 
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Mass spectrum, m/e (relative intensity) g 530 (M , 94), 

453 9), 425 (M*^ -COG^H^/ 23), 424 (58), 348 (37), 320 

(3), 295 (53), 105 (CgH^Co”*", 100), and 77 , 73). 

Anal . Calcd for 83,77; H, 4,91; N, 5.28. 

Found; C, 84,05; H, 4.70; W, 5,51, 

(E)-l- ( 2 , 4, 5-Tri phenyl imidazolyl ) -I, 2-dabenzoyl ethylene 
(3a) . 3a was obtained in a 66 % yield (elution with a Is 2 mix- 
ture of benzene and petroleum ether and recrystallization from 
a 1;1 mixture of benzene and petroleum ether), mp 175 ^C, 

IR spectrum ^ (KBr) ; 3065 and 3045 (^^„) , 1675 and 

rn0X ^ri 

1660 / and 1605 (^^^(.) cm“^, 

UV spectrum (methanol) 5 223 nm (£, 47,350), and 270 

(46,100) . 

Mass spectrum, m/e (relative intensity) s 530 nm (m”^, 93) , 
453 (m"^ (^6 ), 348 (38), 

320 (3), 295 (55), 105 (C^H^Co'^, 100), and 77 74). 

Anal . Calcd for ^ 37 ^ 25 ^ 2 ^ 2 * 83,77; H, 4.91; N, 5.28. 

Founds C, 83.45; H, 4,63? N, 5,41, 

(Z)-l- (4, 5-diphenylimidazolyl ) -1, 2 -dibenzoyl ethylene (4b) . 
4b was obtained in a 11% yield (elution with a mixture (IsS) of 
benzene and petroleum ether and recrystallization from a Isl 
mixture of benzene and petroleum ether), mp 153 °C . 

IR spectrum^ (KBr) 1 3080, 3060 and 3035 ^ 1675 

rOoX v^rl 

1660 (^n=o)< 1617 and 1595 cm"^. 



88 


UV spectrum K (methanol) g 228 nm (£, 37,600), and 270 
rn Qjc 

(40,300) . 

NMR Spectrum (CDCZ^)"* 6 7.00-8,35 (m, vinylic and 
aromatic) . 

Mass spectrum, m/e (relative intensity)? 454 (M , 73), 377 
(m"'’ -CgHg, 5), 349 (h'*' -COCgHg, 33), 248 (46), 272 (54), 219 
(17), 105 (CgHgCO''', 100), and 77 (CgHg, 79). 


Anal . Calcd ^or 81.94; H, 

Pound; C, 81.63; H, 4,55; N, 6.39. 


4,85; N, 6.17. 


(E) -1- ( 4 / 5-Diphenylimidazolyl ) -1 / 2-dibenzoyl ethylene (2^) . 

3b was obtained in a 74% yield (elution with a lg2 mixture of 
benzene and petroleum ether and recrystallization from a Isl 
mixture of benzene and petroleum ether), mp 175 °C. 

IR spectrum V (KBr) g 3080, 3065 and 3036 * 1675 

^ max cn 

and 1660 {V , 1612 and 1595 cm~^. 

UV spectrum (methanol); 225 nm (£, 35,970), end 261 

(38,070) . 

NMR spectrum (CDGl^) 2 6 7.05-8,30 (m, vinylic and 

aromatic) . 

4 * 

Mass spectrum, m/e (relative intensity) ; 454 (M , 73) , 3 77 
(m'*' -C,H., 4), 349 (m'*' -COCgHc, 36), 348 (43), 272 (57), 219 (28), 
105 (CgH^CO'^, 100), and 77 (CgH^***, 78). 

Anal . Calcd for 02 ^ 1122 ^ 202 : C, 81.94; H, 4,85; N, 6.17. 
Pounds C, 82.15; H, 5.05; N, 6.32. 
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(Z) -1- ( 4, 5^Dlmethyl-»2-phenyIimida2olyl) , 2-dlbenzoyl>> 

ethylene (4c) , 4c was obtained in a 4% yield ( elution with a 
Is 2 mixture of benzene and petroleum ether and recrystallization 
from a 1 s 1 mixture of methylene chloride and petroleum ether ) , 
mp 188 ^C. 

IR spectrum 2^ (KBr) s 3090, 3065, 3045, 2975 and 2875 
(^CH^ ' 1670 and 1660 ^ and 1610 • 

UV spectrum (methanol); ?18 nm (e, 27,350), and 272 

(46,130) . 

1 

H NMR spectrum (CWl^) t 6 1,95 (s, 3 H, CH^) , 2.45 (s, 

3 H, GH^) , and 7.05-8,35 (m, 16 H, vinylic and aromatic). 

Anal . Calcd for ^21^22^2^2' 79,80? H, 5.42; N, 6.90. 

Roundi C, 80.11? H, 5.68? 7.15, 

(E) -1- ( 4, 5-Dimethyl-2-phenyllmidaaQlyl) -1, 2-dibenzoyl- 
ethylene (3c) , 3c was obtained in a 14% yield (elution with a 
Isl mixture of benzene and petroleum ether and recrystallization 
from a Isl mixture of methylene chloride and petroleum ether), 
mp 173-174 °C, 

IR spectrum (KBr) s 3085, 3065, 3040, 2975 and 2880 

(V^^) , 1670 and 1660 / and 1608 cm"^. 

UV spectrum (methanol) s 215 nm (£, 22,960), and 263 

ITIQ JC 

(44,240) , 

NMR spectrum (CDCl^) s 6 1.85 (s, 3 H, CK^) , 2,35 (s, 

3 H, CH^) , and 7.05-8,20 (m, 16 H, vinylic and aromatic). 
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Mass spectrum, Ve (relative intensity) s 406 (M*^, 83), 

329 ‘■^^^6^5' (36) * 224 (rf" 

—COCgH^, "*^6^5^ 36) f 170 (11) , 105 (C^H^CO , 100) , and 77 (C^H^, 
75) . 

Anal , Calcd for ^ 21 ^ 22 ^ 2 ^ 2 ' 79.80; H, 5,42; N, 6.90. 

Pounds C, 79.55; H, 5.28? W, 7.19. 

( Z) -1- ( 2-’Phen/lbenzimidazolyl ) -1 , 2-dibenzoylethylene (4d ) 

4d was obtained in a 35% yield (elution with a ls4 mixture of 
benzene and petroleum ether and recrystallization from a Isl 
mixture of benzene and petroleum ether), mp 170 , 

IR spectrum (KBr) s 3090, 3060, and 3035 < , 1660 

and 1650 / and 1605 cm"^. 

UV spectrum X (methanol) s 219 nm (£, 37,830), 239 
max 

(31,480), and 280 (35,900), 

H NMR spectrum (CDCl^) s 6 6.90-8.30 (m, vinylic and 
aromatic) . 

Mass spectrum# m/e (relative intensity) : 428 (M , 98), 351 
(m"'' -CgHg, 7), 323 (m"*" -COCgHg, 31), 322 (49), 246 (21), 218 
(m'’’ -acOgHg, 3), 193 (9), 105 (CgHgCo'*', 100), and 77 (CgHg'*', 76). 

Anal. Calcd for 6'2g^20^2^2* 81.31; H, 4.67; N, 6.54* 

Pounds C, 81,56; H, 4.71? M# 6.38. 

(jE)-l«-(2-Phenylbenzim±dazolyl)-l#2-dibenzoylethylene (^) . 
3d was obtained in a 58% yield (elution with a Is 2 mixture of 
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benzene and petroleum ether and recrystallization from a Isl 

o 

mixture of benzene and petroleum ether) , mp 197-198 C. 

IR spectrum 2^ , (KBr) s 3085, 3065 and 3040 ^ 1665 

max U/n 

and 1655 / and 1610 

UV spectrum (methanol) s 220 nm (E, 35,100), 237 

(31,030), and 271 (32,740), 

NMR spectrum (GDCI3) : 5 6.90-8.60 (m, vinylic and 
aromatic) . 

Mass spectrum/ m/e (relative intensity) s 428 <M , 96), | 

351 (M*" -CgHg, 8 ), 323 (m’*' -COCgHg, 33), 322 (50), 246 (21), 

218 (3), 193 (9), 105 (CgHgCo''", 100), and 77 (CgHg'*', 79). [ 

h 

Anal . Calcd for C2gH2QN202S C/ 81.31; H, 4,67; N, 6.54. ^ 

1 

Founds C, 81.60; H/ 4,38; N/ 6.33. ^ 

(2)-l-(Benzimiaazolyl)-3 ,2-dibenzoylethylene (^) . 4e was 

— ^ ~ L 

obtained in a 6% yield (elution with a 1^4 mixture of benzene ? 

and petroleum ether and recrystal lization from a Isl (mixture of [ 

benzene and petroleum ether) / mp 161-162 C. | 

IR spectrum (KBr) s 3085 and 3065 1 

1655 (’'c^q)/ and 1615 . | 

UV spectrum ^ (methanol) • 220 nm ($/ 24/120)/ 260 

max I' 

(29,800), and 323 (8,800). 1) 

1 ! 

NMR spectrum (CDCl^) * 6 7.00-8.60 (m/ vinylic and 

I 

aromatic protons) , 


I 
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Calcd for C23H3^gN202g C, 78,41; H, 4,55; N, 7.95, 

Found} C, 78.66; H, 4,81; N, 8.17. 

(E)»«’l-Ben2imida2olyl->l^ 2-diben2oylethylene (3e) . 3e was 
obtained in a 82% yield (elution with a 1?2 mixture of l?eazene 
and petroleum ether and recrystallization from a Isl mixture -at 
benzene and petroleum ether/ mp 146 ‘^C. 

IR spectrum (KBr) : 3080 and 3065 ( J / 1665 and 

maLX CH 

1655 (^c=0^' 

UV spectrum (methanol) 2 218 nm (e# 22,180)/ 251 

rnsx 

(27,820) , and 314 (8,130) . 

1 

H NMR spectrum (CDCl^)? 6 6.90-8,55 (m, aromatic and 
vinylic) , 

Mass spectrum, m/e (relative intensity ) s 352 (M , 100) , 

275 (m'*' -CgHg, 6 ), 247 (m'^ -COCgHg, 19), 246 (53), 170 (m'*' -CCTCgHg- 
-CgHg, 23), 117 (71), 105 (CgHgCO'*', 98), and 77 (75). 

Anal. Calcd for €2311^^11202? O, 78,41; H, 4,55; N, 7.95* 

Pounds C, 78,42; H, 4.80; N, 7,68. 

XX .4, 3 I rradiation of (E) -1- ( 2,4, 5-Triphenylimidazoyl)- 
1, 2- dibenzoyl ethylene . A In Benzene . A benzene solution of 
3a (500 mg, 0,943 mmol, in 500 mb) was purged with nitrogen and 
irradiated for 1.5 h. Removal of the solvent under reduced 
pressure gave a residual solid which was chromatographed over 
silica gel. Elution with petrolem ether gave 15 mg (6%) of 
trans -dlbenzoyl ethyl ene (8), mp 109 (mixture melting point), 



93 


after recrystallization from methanol* 

Subsequent elution of the column with a mixture Cls4) of 
benzene and pebroleum ether gave 90 mg (18%) of bhxeo- 5 , 6 -di- 
benzoyl>'- 2 , 3~cliphenYlimldazolo[2 , l-a3-5 , 6 -dihydroisoquinoline 
(7ji;) / mp 218''"219 ^C, after recrystallization from a mixture (Isl) 
of benzene and petroleum ether. 

IR spectrum (KBr) s 3075, 3035, 2960 and 2898 , 

fnciX Ori 

1682 and 1675 and 1590 (V ) Gm"^. 

UV spec trum (methanol) s 220 nm (£, 45,350) and 249 

luoX 

(14,800) . 

13 

C NMR spectrum (CDCI 3 ) ; 6 50.13 (C- 6 ) , 62*81 (C-5) , 

118,21, 120.73, 121.22, 122.35, 122.73, 122.99, 123.12, 123.61, 

125.37, 125.49, 125.84, 126.23, 126.34, 127.54, 127.67, 127.71, 

128.83, 128.91, 129.15, 129.37, 130.74, 142.33, 148.75, 155,77, 

192.30 (C=0), and 193.47 (C=0) . 

+ 

Mass spectrum, m/e (relative intensity) s 530 (M , 3) , 

453 (m'^ 7), 425 (M^^ -COC^H^, 53), 424 (m"^ -COCgH^, 

55), 320 (M*^ 31), 294 (7), and 105 (C^H^Co"^ , 100), 

An^. Galcd for Ci 3 ^H 2 gN 202 S C, 83,77; H, 3.91? N, 5.28, 
Founds C, 84.08? H, 4.74? N, 5.45. 

Further elution of the column with a mixture (1:1) of 
benzene and petroleum ether gave 110 mg ( 22 %) of 5^, mp 227- 
228 ^C, after recrystallization from a mixture (Isl) of methy- 
lene chloride and petroleum ether. 
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IR spectrum (KBr) s 3078, 3035, 2975 and 2895 / 

1665 and 1655 , 1600 and 1590 cm"*^. 

UV spectrum (methanol) j 236 nm (€, 29,800), 290 

(16,130), and 314 (19,150). 

Mass spectrum, m/e (relative intensity); 530 (M*^, 3), 528 
(m'*' -2 H, 100), 453 (M*^ 9), 451 (M*** -2 H, 41), 425 

(M** -COCgHg, 4), 423 (m'*' -COCgH^, -2 H, 38), 422 (45), 320 (M"^ 
-2COCgH5, 4), 318 (12), 293 (<^21^13^2^* 

(CgH^CO*^, 89). 

Anal 4 Calcd for B3.77? H, 4.91? N, 5,28, 

Found; C, 83,49? H, 4,63? N, 5.47, 

Subsequent elution of the column with a mixture (45 1) of 
benzene and petroleum ether gave 100 mg {20%) of mp 258- 

259 ^C, after recrystal] ization from a mixture (Isl) of methy- 
lene chloride and petroleum ether. 

IR spectrum V (KBr) s 3075 and 3035 , 1670 and 1660 

max CH 

(5'c=o^' cm"^. 

UV spectrum X (methanol); 223 nm (£), 30,990), and 254 
^ max 

(54,790) . 



13 

C NMR spectrum 
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.78, 

158 

.35, 

193 

.20 ( 00 ), 

and 

194. 

18 
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95 


Mass spectrum, m/s (relative intensity): 528 100), 

451 (m”^ ”^6^5' -COC^H^, 33), 422 (44), 346 (3), 318 

(11), 293 (55), 216 (11), 105 (C^H^Co'*", 91). 

^na] . Calcd for 4.55; N, 5.30. 

Found; C, 84.23? H, 4.41? N, 5,51. 

The column was finallv eluted with benzene to give 50 mg 
(17%) of 2, 4, S-triphenylimidazole (3^), mp 271-272 (mixture 
melting point), after recrystallization from 50% acetic acid, 

M In Air-Saturated Benzene . A solution of ^ in benzene 
(500 mg, 0.943 mmol in 500 mL) was saturated with air and irra- 
diated for 1.5 h. Workup as in the earlier case by removal of 
the solvent under vacuum and chromatographing the residue over 
silica gel gave 25 mg (11%) of 8 (elution with petroleum ether) , 
mp 109 (mixture melting point) 50 mg (10%) of 7a (elution with 
a 1;4 mixture of benzene and petroleum ether and recrystallization 
from 0 Isl mixture of benzene and petroleum ether, mp 217-218 
(mixture melting point), 150 mg (31%) of 6a (elution with benzene 
and recrystallization from a 1:1 mixture of methylene chloride 
and petroleum ether), mp 258-259 °C (mixture melting point) and 
100 mg (34%) of la (elution with a 9:1 mixture of benzene and 
ethyl acetate and recrystallization from 50% acetic acid), mp 271- 
272 (mixture melting point) . 

C In Methanol . A methanol solution of 3a (500 mg, 0,943 
mmol in 500 mb) was irradiated for 1.5 h and worked up as in the 
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earlier cases to give 35 mg (14%) of trans -2-methoxv-l, 2-diben- 
zoylethylene (9) (elution with petroleum ether and recrystalliz- 
ation from methanol), mp 108 °C (mixture melting point), 50 mg 
(10%) of 7a (elution with a 1;4 mixture of benzene and petroleum 
ether and recrystallization from a Isl mixture of benzene and 
petroleum ether), mp 217-218 (mixture melting point), 75 mg 
(15%) of 5a (elution with a Isl mixture of benzene and petroleum 
ether and recrystallization from a Isl mixture of methylene 
chloride and petroleum ether), mp 227-«22S (mixture melting 
point), 120 mg (25%) of 6^ (elution of 4sl mixture of benzene 
and petroleum ether and recrystallization from a Ijl mixture of 
methylene chloride and petroleum ether) and 100 mg (34%) of 1^ 
(elution with a 9il mixture of benzene and ethyl acetate and 
recrystallization from 50% acetic acid), mp 271-272 (mixture 
melting point) * 


11-4*4 Air-Oxidation of 5^ to A solution of ^ (50 mg, 

0-094 mmol) in benzene (40 mL) was refluxed under air- saturation 
for 40 h. Removal of the solvent under vacuum gave a residual 
solid, which was recrystallized from a mixture (Isl) of methylene 
chloride and petrolexim ether to give 40 mg (81%) of Sat mp 258- 
259 (mixture melting point) . 

11-4-5 Irradiation of (E)-l-(4,5-DiphenylimidazolYl)- 
1, 2 -dibenzoyl ethylene (_^) . A In Benzene - A solution of ^ 

(500 mg, 1.13 mmol) in benzene (50 mb) was purged with nitrogen 
for 15 minutes and irradiated for 1.5 h. Removal of the solvent 
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under vacuum gave a residual solid, which was chromatographed 
over silica gel* Exution with petroleum ether gave 30 mg (12%) 
of 8, mp 109 (mixture melting point), after recrystallization 
from methanol. 

Further elution with a mixture (I2I) of benzene and petro- 
leum ether gave 100 mg (20%) of mp 223 after recrysta- 

llization from a mixture (Isl) of methylene chloride and petro- 
leum ether. 

IR spectrum (KBr) s 3075, 3035, 2980 and 2875 , 

1675 and 1660 ^*'c=C^ cm"^. 

UV spectrum (methanol): 239 nm (€, 36,970), 268 

uioX 

(39,500), and 312 (17,350), 

NMR spectrum (CDCl2)s6 2.35 (dd, 7j3 “ 

Jj = 4,5 Hz, 1 H, C-7aH), 3.20 (dd, = 1® Hz, = 

6.5 Hz, 1 H, C-7bH) , 5.05 (q, 1 H, C-7H), 6.50 (q, 1 H, C-8H) , 
and 6.90-8,25 (m, 18 H, vinylic and aromatic). 

Mass spectrum, m/e (relative intensity); 454 (M , 12), 

452 (M*" -Hg, 84), 375 (m"^ '^e^S' -^ 2 ' "COCgHg, 3), 

347 (17), 346 (23), 242 (M*", -2C0CgH5, -2 H, 9), 218 (19), 217 

(36), 105 (CgHgCO"'’, 100), and 77 (CgHg'*’, 89). 

Anal . Calcd for C3^H22N202» C, 81,94; H, 4.85; N, 6.17. 
Founds C, 81.76; H, 4.71; N, 6.34. 

Subsequent elution of the column with a mixture (2;1) of 
benzene and petrolevjm ether gave 120 mg (24%) of 6b , mp 254 C, 
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after recrystal 1 12 ation from a mixture (Isl) of methylene chlo- 
ride and petroleum ether. 

IR spectrum (KBr) s 3080 and 3030 1670 and 1660 

rOaX 

UV spectrum (methanol) s 226 nm (£, 32,370), and 270 

mox 

(41,230) . 

■*•1-1 NMR spectrum (CDCl^) i 6 6.95-8.85 (m, vinylic and 

aromatic) , 

NMR spectrum (CDCl^) s 6 113,75, 114,23, 121.34, 122,33, 
122.43, 122.58, 122.76, 124.54, 125.86, 126.08, 126.73, 126.95, 
127.48, 128.34, 128.58, 129.56, 130.37, 132.39, 145.62, 151.35, 
153.56, 192.47 (C=0) , and 193.84 (C=0) . 

Mass spectrum, m/e (relative intensity) s 452 (M , 85), 

375 (M*^ -COCgH^, -H, 

47), 242 (11), 217 (21), 105 (CgH3CO’^, 100), 77 83). 

Anal , Calcd for 03^1120^202? C, 82.30; H, 4.42; N, 6.19. 
Pounds C, 82.43; H, 4,27; N, 6.34. 

Further elution of the column with benzene gave 100 mg 
(35%) of mp 231 (mixture melting point), after recrys- 
tallization from methanol. 

S In Methanol . Irradiation of a methanol solution of ^ 
(500 mg, 1.13 mmol in 500 mb) for 1.5 h and workup as in the 
earlier case gave 50 mg (17%) of 9, mp 108 (mixture melting 
point), 80 mg (16%) of mp 223 (mixture melting point). 
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140 mg (28%) of mp 254 (mixture melting point) , and 120 mg 
(41%) of 1^, mp 233 (mixture melting point) . 

II ,4*6 Air-Oxidation of to 6h, A benzene solution of 
5b (50 mg/ 0.113 mmol in 50 raL) was refluxed under air-satura- 
tion for 40 h. Removal of the solvent under vacuum and recrys- 
tallization of the residual solid from a mixture (Isl) of methy- 
lene chloride and petroleum ether gave 35 mg (76%) of 254 
(mixture meltang point). 

II .4.7 Irradiati on of (S)-l-(4/5-Dimethyl-2-phenylimida20- 
lyl ) -1 / 2-dibenaoylethy3 ene (^) • A In Benzene . A solution of 
3c (500 mg/ 1*23 mmol) in benzene (500 mL) v/as irradiated for lb. 
The irradiation was repeated several times to photolyse/ in all/ 
3,0 g of 3c, Removal of the solvent under vacuum from the com- 
bined photolysates gave a residual solid, which was chromatogra- 
phed over silica gel. Elution v/ith petroleum ether gave 45 mg 
(15%) of 8/ mp 109 (after recrystallization from methanol) . 

Further elution with a mixture (13) of benzene and petro- 
leum ether gave 310 mg (31%) of 7c , mp 163-164 after recrys- 
tallization from a mix Lure (Isl) of benzene and petroleum ether, 

IR spectrum (KBr) s 3085, 3040, 2965 and 2870 

1670 and 1655 , 1610 and 1590 cni"^. 

UV spectrum X (methanol) s 233 nm (t, 27,300) and 256 
^ max 


( 39 , 730 ) . 


[ 


100 1 

1 

H NMR spectrum (CDCl^) s 6 2.05 (s, 3 H, CH^) / 2.45 (s, 3 H, 

CH 3 ), 2.90 (d, .7 15 Hz, 1 H, C~ 6 H) , 4.20 (d, J = 15 Hz, 1 H, 

C-5H) / and 7.10'-*8.25 (m/ 14 aromatic). 

“t 

Mass spectrum, m/e (relative intensity) s 406 (M , 7), 404 

(m'*’ -Hj, 4), 329 (m"* -CgHg, 27), 301 (m'^ -COCgHg, 19), 300 (M"^ 

-COCgHg, -H, 48), 296 (8), 169 (37), 105 (CgHgCO'^, 100), 77 
(CgHs''', 92). 

Anal . Calcd for C2ryH^2^2^2* 79.80? H, 5.42? N, 6.90. t 

Found: C, 80.11? H, 5,35; M, 6,78, | 

I 

Subsequent elution of the column \ 7 ith benzene gave 200 mg j 

■ 1^ 

( 47 %) of Ic, mp 141-142 °C, after recrystallization from methanol . 

1 

I 

2 in Methanol , A methanol solution of 3c (200 mg, 0.49 mmol | 

in 200 mL) was irradiated for 1 h and worked up as in the earlier 
case to give 75 mg (23%) of 9, mp 109 *^0 (mixture melting point), 
after recrystallization from methanol, 50 mg (25%) of 7c (elution 
with a 1:3 mi^' ture of benzene and petrojeum ether and rccrystalll- 
zation from a 1 s :l mxiture of benzene and petroleum ether), mp 163- i 

164 °C (mixture melting point) and 50 mg (59%) of mp 141-142 C 
(mixture melting point) . 

I 

II. 4. 8 ir radiation of (E) -l-( 2-Phenyl benzimiaazolyl)-l,2-d l- 
benzoylethylene (3d) . A In Benzene. A solution of 3d (500 mg, 

1.167 mmol) In benzene (500 imL) was Irradiated for 1 b. Removal of ; 

I 

the solvent under vacuum gave a residual solid which was chromato- i 

graphed over silica gel. Elution with petroleum ether gave 50 mg 
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(18%) of 8/ mp 109 °C (mixture melting point) ^ after recrystalli- 
zation from methanol 

Further elution of the column with a mixture (Is 3) of benzene 
and petroleum ether gave 65 mg (13%) of 23^ mp 206 after re- 

crys tallization from a mixture (1^1) of benzene and petroleum 
ether. 

IR spectrum (KBr) s 3087, 3035/ 2975 and 2860 # 

1670 and 1660 (^^=0^ ' cm"^. 

UV spectrum \ (methanol) s 220 nm (£, 39/780)/ and 260 
rn0x 

(30/ 360) . 

NMR Spectrum (CDGl^) s 6 3,35 (d, J = 16 Hz, 1 H, C-6H) / 
4,70 (d, J - 16 HZ/ 1 H/ C“5H) and 7.05-8.75 (m, 18 H, aromatic). 

Mass spectrum, m/e (relative intensity)} 428 (M # 17)/ 

426 (m"'' -Hg, 3), 351 (m"* -CgH^, 15), 349 (m"*" “CgHg, -Hg, 38), 

323 04"^ -CgHgCO, 11), 322 (42), 218 (17), 192 (31), 105 (CgHgCO'^, 
100), and 77 (CgHg'*', 83), 

Anal . Calcd for C29'^20^2°2' 4.67; N, 6.54. 

Founds C/ 81,64; H/ 4,51; N/ 6.60, 

Further elution of the column with benzene gave 115 mg (58%) 
of Id/ mp 288-289 (mixture melting point)/ after recrystalliza- 
tion from 75?4 athanol , 

Subseguent elution of the column with a mixture (4sl) of 
benzene and ethyl acetate gave 50 mg (9%) of 2-(l-(2-phenylbenz- 

imidazolyl ) ) '■ i“’phonoj,y"4’'*phGnyl“"3-butenoic acid ( ^dd) / 
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mp 270-271 C, after recrystallization from Isl mixture of ethyl 
acetate and benzene 

IR spectrum (KBr) g 3060, 3025 and 2982 / 3000- 

wii 

2500 1742 1635 and 1590 cm"^. 

UV spectrum (methanol) s 253 nm (e, 48,730). 

1 

H NMR spectrum (CDCl^) ? <5 5.90 (d, J = 8 Hz, 1 H, D^O- 

exchangeable, methine proton), 6.45 (d, j = 8 Hz, 1 H, vinylic), 
7,10-8.35 (m, 19 H, aromatic), and 7.85 (broad s, D 20 -exGhange- 
able, 1 H, OH) • 

Mass spectrum, n\/e (relative intensity) g 446 (M**”, 2) , 429 
(M*^ -OH, 100), 428 (M'^ -^2®' "CO 2 H, 34), 336 (M*^ 

-OH, -OCgHg, 73), 193 (87), 93 (49), and other peaks. 

Anal . Calcd for C 29 H 22 N 2 O 3 S C, 78,03; H, 4.91; N, 6.28. 
Founds C, 78.31; H, 4.78; N, 6.12. 

® In Methanol A solution of ^ (500 mg, 1.167 mmol) in 
methanol (500 mb) was irradiated for 1 h and worked up by remov- 
ing the solvent under vacuum and chromatographing the residual 
solid over silica gel. Elution with a mixture (1:9) of benzene 
and petroleum ether gave 85 mg (27%) of 9, mp 108 (mixture 
melting point), after recrystallization from methanol. 

Further elution of the column with a Is 4 mixture of benzene 
and petroleum ether gave 80 mg (14%) of methyl 2-(2-phenylbenz- 
imidazolyl) - 4 -phenoxy- 4-phenyl -3 -butenoate ( lid ) , mp 158 °C, 
after recrystallization from cyclohexane. 
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IR spectrum V (KBr) : 3075, 3025, 2978 and 2840 (V), 

CH 

1745 (%o), 1638 and 1595 cm“^ 

UV spectrum (methanol) s 248 nm (C, 50,780). 

Mass spectrum, m/e (relative intensity): 460 (m'*', 2), 445 

I 

(M*^ -CH3, 3), 429 (M*^ -OCH3 , 100), 428 (m”^ -CH 3OH, 36), 401 (38), 
336 -OCH3, -OCgHg, 11), 193 (88), 93 (50), and 77 (73). 

Anal. Calcd for C3 qH 2^N203S C, 78.26; H, 5.22; M, 6.09. 
Pounds G, 78.38; H, 5.34; N, 5.89. 

Subsequent elution of the column with a mixture (ls3) of 
benzene and petroleum ether gave 40 mg (8%) of 7d, mp 206 °c 
(mixture melting point) , after recrystallization from a mixture 
(1;1) of benzene and petroleum ether. 

Continued elution of the column with benzene gave 135 mg 

o 

(65%) of 1^, mp 288-289 C (mixture melting point), after recrys- 
tallization from ethanol. 

11. 4. 9 Reaction of lOd with Diazomethane , To a stirred 

I. 

solution of lOd (50 mg/ 0.11 mmol) in ether (5 mL) was added an 
ether solution of diazomethane (1 mL# 5%) at 0 and the stirr- 
ing was continued for 1 h. Removal of the solvent under vacuum 
and recrystallization of the product from cyclohexane gave 35 mg 
(68%) of lid , mp 156-157 °C (mixture melting point). 

11. 4. 10 Irradiation of (Z) -1- (2-Phenylbenzimidazolyl) - 

1/ 2-dibenzoYlethylene (4d) . A solution of (500 mg, 1.167 mmol) 
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in benzene (500 mL) was irradiated £or 1 h and worked up in the 
usual manner Ly removal of the solvent under vacuum and chromato- 
graphing the residual mixture over silica gel to give 40 mg (14%) 
of 8/ mp 109 (mixture melting point) (elution with petroleum 
ether and recrystall j zation from methanol), 40 mg (8%) of 7d, 
mp 206 (mixture melting point) (elution with a ls4 mixture of 
benzene and petroleum ether), 70 mg fl4%) of the unchanged start- 
ing material (4d) ^ mp 170 (mi-,ture melting point) (elution 
with a li3 mixture of benzene and petroleum ether and recrysta- 
lljzation from methanol), 100 rng (20%) of the E isomer 3d, mp 197- 
198 (mixture melting point) (elution \/ith a Isl mixture of 
benzene and petroleum ether and recrvstallization from methanol) 
and 100 rng (43%) of mp 288-289 (mi.^ture melting point) , 
recrystallizabion from ethanol. 

II. 4. 11 Irradiation of (E) -1-Benzirnidazolyl-l/ 2-dibenzoyl- 
ethylene (^) , A In Benzene . A benzene solution of (500 mg, 
1.42 mmo] , In 500 ntL) was irradiaced for 1 h and worked up by 
removing bhe solvent under vacuLim and chromatographing the product 
mixture over silica gel. Elution wibh petroleum ether gave 60 mg 
(18%) 'Of 8, mp 109 °G (mixture melting point), after recrystalli- 
zation from methanol. 

Further elution with benzene gave 60 mg (56%) of 1^, 
mp 172 (mixture melting point), after recrystallization from 
ethanol. Subsequent elution of the colirnn with a mixture (4sl) 
of benzene and ethyl acetate gave 3 00 mg (19%) of 2-benzimidazolyl- 
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4-phenoxY~4"pheiiyl-3-'butenoic acid ( bj®) ^ 264-265 after 

recrystallization from a mixture (Isl) of benzene and ethyl 
acetate . 

IR spectrum (KBr) i 3080 and 3030 / 3000-2500 

Mld^ C^hi 

UV spectrum (methanol) 3 256 nrn (i, 38/760). 

1 

H NMR spectrum (CDGl^) s 6 5.45 (d, J -- 9 Hz, 1 H, ^ 2 ^" 
exchangeable, methine) , 6,35 (d, J == 9 Hz, 1 H, vinylic), 7.0- 
7,55 (m, 15 H, aromatic), and 7,85 (s, 1 n, D^O-exchangeable , OH), 

Mass spectrum, m/e (relative inton^-ilty) ?! 370 (m'^, 3), 353 
(M*^ -OH, 100), 352 (m"^ -H^O, 23), 325 (m"*' -CO^H, 34 ), 260 (M*^ 

-OH, -OCgH^, 26), 117 (88), 93 (73), and 77 (81), 

Anal . Galcd for Cp 3 H^QNp 03 J C, 74.59; H, 4.86? ^T, 7,57. 
Pounds C, 74.37? H, 4.66? N, 7.69. 

2 tn Methanol . A methanol solution of 3^ (500 mg, 1.42 
mmol in 500 mL) was irradiated for 1 h and worlced up by removal 
of the solvent under vacuim and chromatographing the residual 
solid over silica gel. Elution with a mixture (ls9) of benzene 
and petroleum ether gave 80 mg {2X%) of 9, mp 108 *^c (rriixture 
melting point), after recrystallization from methanol. 

Further elution with a mixture (is3) of benzene and petro- 
leum ether gave 125 mg (22/o) of methyl 2-(l-benzimidazolyl)- 
4-phenoxy- 4-phenyl -3 -butenoate ( lie ) , mp 166 ^C/ after recrysta- 
llization from cyclohexane. 
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IR spectrum (KBr) ^ 3075, 3030, 2965, and 2850 , 

1745 1635 and 1595 cm'"\ 

UV spectrum (methanol) s 24G nm (t, 47,570). 

NtiR spectrum {CDCl^) 5 3.70 (a, 3 H, OCH^) , 5,40 (d, 

j = 9 Ha, 1 H, D 20 -oxchangeable, me thine ) , 6.30 (d, J ~ 9 Hz, 1 H, 
vinylic), 7, OS'- 7. 5 5 (m, 15 H, dromatic) , 

Mass spectrum, m/e (relative iiitensiuy) ; 384 (M*'/ 3) 369 
(M"^ -CH 3 , 8), 351 (77), 353 (m"'" -OCH 3 , 100), 353 (m’'‘ -CH 3 OH, 33), 

325 (5), 291 (7), 260 (21), 117 (89), 93 (70). 

Ana] . Calcd for C 24 H 2 gN 203 j C, if.OO,- H, 5.21; N, 7.29. 
Founds C, 75,23? Ii, 5,34? M, 7.18, and other peaks. 

Continued elution of the silica gel coluian with benzene 
gave 100 mg (59%) of 3^, mp 172 (mixture melting point), after 
recrysta] lization from ethanol. 

11.4.12 Reaction of ?■“ ( l-Benzimi4ogolvT ) -4-“phenoxy-4“phen-“ 

yl-3-butenoiG acid ( lOo ) with Biazomethane . To a stirred solu« 
lion of lOe in cthei (30 mg, 0,1? mmol in 5 inL) was added an 
ether solution of diazomethane (1 mb, 5%) at 0 and the stirr- 
ing vzas continued for an additional ho\ir. Removal of the solvent 

under vacuum and recrystallization of the product from cyclo- 
hexane gave 30 mg (72%) of lie , mp 13 6 (mixture melting point). 

19 

11.4.13 Laser Flash Photolysis . Pulse excitation was 
carried out at 337.1 nm (2-3 mJ, ^8 ns), employing a UV 400 
Molectron Nitrogen laser or at 308 and 248 nm (<^40 mJ, defocussed. 
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20 ns), employing a Lambda-Physik MSC 101 excimer laser. The 

transient phenomena were studied using a kinetic spectrometer, 

29 

described elsewhere. The solvents employed were benzene and 
methanol and unless oxygen effects were meant to be studied, the 
solutions were deoxygenated by purging with argon or nitrogen, 

In experiments where a large number of laser shorts were necess- 
ary, e.g./ for wavelength-by-wavelength measurements of transient 
absorption spectra, a flow system was used in which the solutions 
Eor photolysis were allowed to drain from a researvoir through a 
cell . 

19 

II. 4. 14 Pulse Radiolysis . The pulse radiolysis experi- 
ments were performed, employing 7 MeV electron pulses (5 ns) from 

the Notre Dame .?^RC0-LP-7 linear accelerator in the computer con- 

30 

trolled apparatus, described elsewhere. 
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CHAPTER III 


PHOTOTRAMSFORMATIONS OP 1 -TRIAZOLYL-l , 2-DIBENZOYL- 
ALKENES AND RELATED SUBSTRATES 


III.l A BSTRACT 

The photochemical transformations of a number of 1- (1,2/3- 
and 1/ 2, 4- triazolyl)-!/ 2-dibenzoylalkenes (3, 4, 8 and 9) and 
1-benzotr iazolyl ethyl ene-1, 2 -di carboxyl ate s (5 and 6) have been 
investigated under steady-state photolysis. Laser flash photo- 
lysis of these substrates have been carried out to study their 
transient behaviour. The substrates under examination include 
(E)-l-bens 5 otriazolyl-l/ 2-dibenzoyIethylene (3) , (z)-l-benzotri- 
azolyl-l/ 2-dibenzoylethylene (4), dimethyl 1-benzotriazolyl- 
maleate (5), dimethyl l-benzotriazolylfumarate (6), (E) -1- ( 3 , 5-di 
phenyl-lH-l/2/4-triazolyl)-l/2-dibenzoylethYlene (8), and 
^Z) -1- (3 , 5-diphenyl-lH-l / 2/ 4- triazolyl ) -1 / 2-aibenzoylethylene 
(9) • Product analysis revealed that several types of photo- 
reactions are involved depending on the nature of the substi- 
tuents on the ethyl enic moieties of these substrates. The benzo- 
triazolyl- 1 , 2 -dibenzoylethylenes ^ 1# ^pon steady-state 
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ir‘radiat.ion, undergo a variety of reactions such as intramole- 
cular phenyl ring migration leading to the ketene derived acid 
i2a or ester 12b^ photochemical nitrogen loss and subsequent 
rearrangement of the resultant biradrcal Intermediates giving 
rise to the benzazepinone derivatives ^ and 1^, respectively 
and also the formation of the bisbenzotriazolylbutane-1, 4-dione 
derivatives ^ and 3^, respectively. Irradiation of the corres- 
ponding male ate 5 and the fumarate 6, on the other hand, led to 
the generation of the diradical intermediate 24 through a 
nitrogen elimination process, which on subsequent reaction with 
solvent, gave rise to the products sucn as ^ and 3^, in addition 
to the cis - trans photoisomerization of the olefinic double bonds* 
In contrast/ the 1~ ( lH-1/ 2 , 4-triasolyl ) -1, 2-dibenzoylethylenes 
8 and 9/ under similar conditions, underwent electrocyclic ring- 
closure reactions, giving rise to the dihydroisoquinoline deriva- 
tives 19b and 19a / respectively, and also photo fragmentation 
reactions, resulting in the loss of triazolyl moieties from the 
parent dibenzoylalkenes • Laser flash photolysis, in several 
cases, revealed transient processes related to ketene and zwitter- 
ionic intermediates, 

III. 2 INTRODUCTION 

In recent years, the photo transformations of several subs- 
trates containing 1 , 2 — dibenzoyl alkene moieties such as 1,4— and 

I 2 3 — 5 

1,2— epoxy compounds, * dibenzobarrelenes, 1-pyrazolyl- 

^ i-aziridinyl-1, 2-dibenzoyl alkenes,® 


1/ 2-dibenzoyl alkenes, 
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and l-irnidazolyl— 1 , 2*-.dibenzoYlalkenes^ have been reported from 
this laboratory. It has been observed that, in general, the 
photorearrangements of 1/ 2-dibenzoylalkenes are strongly influe- 
nced by the nature of the substituents present in them. 

The object- of the present investigation has been to 
examine the phototransformations of some selected triazoyl- 
1, 2-dibenzoylalkenes and related siibstrates, capable of under- 
going multipathway photoreactions. The substrates that we have 
examined include the dibenzoylethylenes, 3 , 4, 8 and 9, the 
benzotriazolylmaleate 5 and the benzotriazolylfumate 6. 


III. 3 RESULTS AND DISCUSS lOl^l 

111.3.1 Preparation of the Starting Materials . The 
benzotriazolyl-1/ 2-dibenzoylethylenes 3 and j4, the benzotriazoyl- 
maleate 5 and the benzotiiazolylfumarate 6 were prepared by the 
reaction of benzotriazole (1) with dibenzoylacetylene (DBA, 2a ) 
and dimethyl acetylenedicarboxylate (DMAD, ^) , respectively, 

in refluxing benzene. The (E)- and (z) 2, 4~triazolyl)- 
1, 2-dibenzoylethylenes 8 and 9 were prepared by the reaction of 
3, 5-diphenyl- lH-1, 2, 4-triazole (7) with 2^ in benzene or aceto- 
nitrile (Scheme III.l). The structures of all these adducts 
have been determined on the basis of analytical results and 
spectral data. 

111.3.2 Preparative Photpc heml st ry and Product Identifi- 
cation. Irradiation of (e) - l-benzotriazoly 1-1, 2-dibenzoyl— 


1 1 



6 
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ethyl^nG (^) m benzene gave a rnixture of the rnes^-bisbenzo— 
triazolylbutanedxone (38%), the benzazipinone 11 (12%), and 
the butenoic acid 1 2a (10%) , along v/ith some recovered starting 
material (3, 20%) . Similarly, the irradiation of 4 in benzene 
gave a mixture of the d/ l -bisbenzotriazolvlbutanedione 15 (36%), 
the benzasepinone M (11%) , the butenoic acid 12a (6%) , and the 
B isomer _3 (6%) , along with some recovered starting material 
(_4, 6%) (Scheme III, 2). Irradiation of 3 in methanol, on the 
other hand, gave a mixture of the methyl butenoate 1 2b (62%), 

^ (4%) and some recovered starting material (3i, 12%)* Similar 
results were obtained in the irradiations of 4 in methanol. The 
structures oC all the photoproducts 11-15 were established on 
the basis of analytical results, spectral data and chemical 
evidence. The H NMR spectrum of for example, showed a 
singlet at 6 6,32 (2 H) and a multiplet at 6 7,05^8,15 (l3 H) 
assigned to the methine and aromatic protons, respectively 
(Figure 111,1). Similarly, the NKiR s^jectrum of 15 showed a 
singlet at 6 7,65 (2 H) and a multiplet at 6 7,15-8,05 (13 H) 
(Figure ill, 2). The downfield chemical shift of the methine 
protons of would suggest that it Is the d, l — isomer, whereas 
the relatively upf ield 6 -value of the methine protons of 13 
would suggest that it is the me so- isomer. It was observed 
that treatment of 1^ with trimethyl amine gave a mixture of 15 
(55%) and unchanged starting material ^3 (25%), indicating that 
the d ^ l - isomer I S is relatively more stable than the meso- isomer 
13. Further confirmation of the structure of 1^ was derived 



15 (36*/o iSX) 



Figure III .1 n NMR spectrum (90 MHz) of J!3_. 
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through X-ray crystallographic analysis (Figure III* 3) , 

1 

The H NMR spectrum of the benzazepinone showed a sing-* 
let at 6 6,85 (l H) which could be assigned to its exovinylic 
proton, whereas its aromatjc and NH protons appeared at 6 7.00- 
8.05 (m, 13 H) and 6 10.25 (s, 1 H, D20-exchangeable) , respect- 
ively (Figure III,4) . Similarly, the NMR spectrum of 14 
showed a singlet at 6 7.00 (1 H, vinylic), a multiplet at 6 
7.15-8,20 (13 H, aromatic) and a broad singlet at 6 10.45 (1 H, 
D20-exchangeable, NH) (Figure III.5) . Confirmation of the 
structural assignments for and 14 was derived through the 
conversion of to the more stable isomer 1^, on refluxing in 
methanol or treatment with triethylamine. 

1 

The H spectral data of the butenoic acid 12a and the 
ester 12b are in agreement with their structural assignments. 
Further confirmation was derived through the conversion of 12a 
to 12b , on treatment with diazomethane. 

Irradiation of the triazolylmaleate S in benzene gave a 
mixture of dimethyl indole-2, 3-dicarboxylate (17, 50%), dimethyl 
l-( 2 -phenylanilino)fumarate (^, 4%) and the triazoylfumarate 6 
(16%), along with some recovered starting material 5 (12%). Irra- 
diation of the benzotriazolylfumarate 6 in benzene gave a mixture 
of the indole derivative jj. (58%), the l-(2-phenylanilino) - 
fumarate 16 (3%)/ the triazolylmaleate 5 (6%) and unchanged 
starting material 6 (18%). The structure of 16 has been arrived 
at on the basis of analytical results and spectral data, whereas 


10.25 
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the structure of 1/7 has been confirmed through comparison with 

1 1 

an authentic sample. 

In contrast/ the irradiation of (Z)—l—(3/5—diphenyl-" 

IH-l / 2 / 4~triazolyl) -1 / ^-dibenzoylethylene (^) in benzene gave 
a mixture of the errythro'-dihydrotriazolo isoquinoline derivat- 
ive 19a (40%)/ tr^^-1/ 2-dibenzoylethylene 10%) and 3/5-di 

phenyl-1 , 2/ 4- tr iazole (2, 38%), Irradiation of 9 in methanol 
gave a mixture of l^a (48%)/ 7 (28%) and trans -l, 2-dibenzovl- 
1 -me thoxy ethylene (22b/ 6%), The irradiation of (E)-l-(3/5-di- 
phenyl-lH~l, 2/ 4-triazolyl) -1/ 2-dibenzoylethylene (8) in benzene, 
on the other hand/ gave a mixture of the threo -dihydrotriazolo- 
isoquinoline 19b (38%)/ trans -1 / 2-dibenzovlethvlene ( 22a / 10%) 
and the triazole 2 (47%) , The NMR spectrum of 19a showed two 

doublets at 6 5.15 ( J = 5 Hz, 1 H) and 6 6.25 ( J 5 Hz, 1 H) 

assigned to the two methine protons at C-6 and C-5 positions/ 
respectively/ whereas the aromatic protons appeared as a multi- 
plet centered at 6 7,65 (19 H) (Figure III,6) , Similarly, the 
NMl^ spectrum of 19b showed two doublets at 6 3.75 (J = 16 Hz, 

1 H/ methine), and 6 4.95 (J = 16 Hz, 1 H, methine), and a multi 

plet at 6 7.10-8.35 '( 19H, aromatic) (Figure XII. 7). The H NMR 
spectral assignments of 19a and 19b were in agreement with those 
of dihydro isoquinoline derivatives observed in the phototrans— 

formation of l-pyrazolyl-l, 2-dibenzoylaheneS/ 6 and 1-imidazolyl- 

9 

1, 2-dibenzoylalkenes, 

111 ^ 3,3 Discussion . Product analysis revealed that four 
major pathways are operative in the photochemistry of the 


^ nr 




Figure IIL6 H NMR spectrum (80 MHz) of J9a 
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triazolyl-l / 2~dibenzoylalkenes ^ and 9) under discussion. 

One of these/ involves the 1/ 2~diben2oylalkene rearrangement/^^ 
leading to ketene derived products and (path "a" in 
scheme III. 5)/ observed in the cases of 3 and 4, Another type 
of photoreaction/ observed in the cases of 3 and 4, leads to the 
formation of the benzazepinone derivatives 1^1 and respect- 
ively, In this case/ the primary step involves the photochemical 
loss of nitrogen from the benzotriazolyl moiety, leading to bi- 
radical intermediates 24^ and 2 ^, which can subsequently cyclize 
to give ^ and 2_9, and ultimately the benzazepinones and 14 , 
respectively (path "b” and "c". Scheme 111,5). Mention may be 
made in this connection, that several examples of photoelimina- 
tion of nitrogen from benzotriazoles, leading to biradical inter- 

13 

mediates are reported in the literature. The third type of 
photoreaction observed in the cases of 3 and 4, involves a 
photofragmentation reaction leading to radical intermediates 
and 2jB/ which can ultimately lead to the triazole 1. and the 
dibenzoylethylene 22a / respectively (path "d"/ Scheme 111,5), 

The formation of the butanediones 13 and 1^/ however, may be 
explained in terms of the addition of the triazole to the 
starting 1, 2-dibenzoylalkenes 3 and 5, respectively. In the case 
of the triazolyl-1, 2-dibenzoylalkenes 9 and 8, the major pathway 
involves the formation of the dihydrotriazoloisoquinoline deri- 
vatives 12a and 19^, respectively, through a 10 or 14 electron 
photochemical electrocyclic ring closure reaction and involving 
aw itter ionic intermediates such as 12./ shown in Scheme III* 4, 
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The formation of 2-dibenzoylethylene (2^) and the tri- 

azole 7_ in these reactions may proceed through a photofragmenta- 
tion of 9 and 8 to give radical intermediates such as ^ and 
which could then lead to the observed products. The formation 
of ^ 2-dibenzoylmethoxyethylene ( 22b ) in the reaction of 

9 in methanol/ however, may proceed through an addition elimi- 
nation mechanism, ' It is interesting to note that in the 
cases of the triazolylmaleate 5 and the fumarate 6, the major 
photochemical pathway proceeds primarily through the loss of 
nitrogen, leading to the diradical intermediate which can 
combine with benzene (solvent) to give the insertion product 3^ 
or undergo ring closure reaction, leading to the indole deriva- 
tive 17 (Scheme 111,3), In addition, a minor process observed, 
in case of the benzotriazoyl maleate 5 ^, involves a cis - trans 
photo isomerization leading to the fumarate 6, 

111,3.4 Laser Flash Photolysis Studies. E mp loy ing 

nanosecond pulse excitation (308 or 337,1 nm) , the tlme- 
resoJved aspects of the photochemistry of the substrates in 
question were briefly explored in terms of transient absorbance 
changes over 0,1-100 Us, Upon 308 nm laser excitation, neither 
the maleate 5 nor the fumarate 6 in deaerated benzene solutions 
showed any transient or permanent absorbance changes at 315— 

700 nm that could be ascribed to the formation of biradicals 
24 and 26 or cis- trans photo isomerization. This, however, 


should not be considered contradictory to the results of 
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photochGmis'fery/ bec3.us6 "tti© cjuanbuni yj,eld of ths^e 
phototransformations from 5 and 6 are possibly low and/or the 
extinction coefficients of related transients can be small. 

The 308 or 337,1 nm laser flash photolysis of cis -diben- 
zoylalkene 3 in a benzene solution results in negative absorb- 
ance changes in the spectral region of its lowest-energy absorp- 
tion band system (320-380 nm) , see Figure III. 8, part A, At 
short wavelengths (300-310 nm) / small positive absorbance 
changes are observed. On our longest time scale (100 jls), the 
ground state bleaching and the positive absorption at short wave 
lengths do not show any sign of recovery or decay. Air satura- 
tion ([02]*^2 mM) does not affect the yields and decay charac- 
teristics of the observed absorbance changes. On going from 
benzene to methanol as solvent/ under both deaeration and air- 
saturation, growths of long-lived absorption are observed at 
345-400 nm (in addition to the bleaching at shorter wavelengths) 
see Figure 111,8/ part B, The grov/th process occurs with first- 
order kinetics (T =: lljis), independent of oxygen concentration 
in the solution. Also, the plateau absorbance at the completion 
of the growth process remains essentially unchanged in the 
absence or presence of oxygen (< 2 mM) , 

That the growth process is related to the reaction of a 
photointermediate with a hydroxylic reagent is shown by the fact 
that similar transient phenomena are also obsexved in benzene- 
methanol, methanol-water and acetonitrile-water mixtures. In 
the latter, a linear dependence of the rate constant 


ABSORBANCE CHANGE 



Figure III. 8 Absorbance changes observed at (A) 6jjs 
and (B) 60 jus following 337.1 nnn laser 
excitation of (A) 0.25nnM ^ in benzene 
and (B) 0,13 mM in methanol. Insets: 
representative kinetic traces for 3 , at 
(a) SOOnnn in benzene and (b) 380 nm 
m methanol . 
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for the growth process on water concentration is noted; from 

4 -1-1 

the plot of against [H 2 O], a value of 5 x 10 N s is 

obtained for the reaction of the photointermediate in question 
with H 2 O in acetonitrile. 

In view of the fact that under steady-state irradiation 
of 3 in methanol the predominant photoreaction is the intra- 
molecular phenyl group migration leading to the ketene 23 which 
subsequently reacts with methanol, it seems possible that the 
growth process observed in the presence of hydroxy lie reagents 
is due to the transformation of 2^ to an enol (shown below) or 


23 -f ROH 



enolate anion. Similar results have been obtained earlier for 
1-pyragolvl-cis-i, 2-dlbenzoylalKene systems for which the 1,2-di. 
benzoylalkene rearrangement has been shown®'® to be particularly 


facile. 

The 337.1 hm laser flash photolysis of 8 in benzene 
results in weak absorbance changes due to a short-lived tran- 
sient species (t = 360 nm) which absorbs at 450-650 nm ■■ 

550 nm, Figure III.9, Parts A and B). Following the decay of 
this species, a longer-lived, weak component (t = 14 us) 
absorbing at 410-550 nm is observed. The decay of the short- 



absorbance change 


0.008 


0.006 


0.0041 


0.0021 
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- 0.002 


540 nm 




wavelength , NM 

Figure 111.9 Transient absorption spectra at 
^ (B) 2.5 IIS fotlowing 337.1 nm loser flash photolysis 

of0.45mM J. in benzene and (C) at 0.8 ^s 
following pulse radiolysis of 0.05 M bip^ienyl m the 
presence of 0.8 mM A in benzene Insets; 
representative kinetic traces for 8. m benzene 
at (Q) 650nm upon 337 Inm laser flash excitation 
and (b) 540 nm upon electron pulse irradiation 
in the presence of biphenyl . 
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Ijved species becomes enhanced in the presence of oxygen 

^ ferrocene (k =s 3,5 x 10 ^ , 

bnt Lemnins unaffected upon adding trans*“piperylene up to 
0.3 M, This cjnenching behaviour strongly suggests that the 
species observed is the triplet of 8. This is confirmed by the 
fact tliat upon pulse radiolysis of bipnenyl (0.05 M) in the pre- 
sence of 0, 5-5*0 mM of 8 in benzene/ a delayed formation of the 
550 nm spec Les is seen as a result of triplet sensitization by 
pul se-rcidiolytJc biphenyl ttiplet.^'^ This is illustrated in 
Figure 131.9/ part C. The transient nature and oxygen insensi- 
tivity of the longer-lived component (400-550 nm) suggest that 
this can possibly be the swit tenon 1_8 3-eading to the dihydro- 
triazoloisoquinolane derivative 3^ (the major product isolated 
in steady-state photolysis). In methanol solution/ the lifetime 
of the short-lived species derived from 8 becomes shortened 
( T =s 3 40 ns). No growth or long-lived absorption similar to 
that seen Jn the case of 3 is noticed in the case of 8 in metha- 
nol; thJs is compatible with the lacic of observation of intra- 
molecular phenyl group migration in the course of the steady- 
state Irradiation of 8. 

113**4 EXPflRIfflSNTAi. SECTION 

All melting points are uncorrected and were determined 
on a Mel-Temp melcing point apparatus. The IR spectra were 
recorded on Perk in-Elmer Model 377 or Model 580 infrared 
spectrophotome ters. The electronic spectra were recorded on 
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Cary 17D or Cary 219 spectrophotometers. The NMR traces 

were recorded on Varian EM-390 or FiA-lOO NMR spectrometers, 

13 

whereas C NMR spectra were recorded on either Brucker CFT~80 
or Brucker 400 NMR spectrometers using tetramethylsilane as 
internal standard. The mass spectxa were recorded on a Hitachi 
RMU-GE single- focussing mass spectrometer or a Varian Mat CH7 
mass spectrometer at 70 eV. Irradiations were carried out in 
a Sriviivasan-Griff in-Rayonet photochemical reactor (RPR, 2537 8 
or 3000 8) using a quartz vessel, 

III. 4,1 Starting Materi als. 1, 2, 3-Benzotriazole C^) / 
mp 96-97 °C, 3, 5-diphenyl-lH-l, 2, 4-triazole (7),^^ mp 188- 
189 ^C, DBA (2a),^^'^® mp 110-111 °C, and DMAD bp 95- 

98 ^C (10 mm) were prepared by reported procedures. Solvents 
for steady-state photolysis were purified and distilled before 
use, whereas Aldrich Gold label solvents were used for laser 
studies. Petroleum ether used was the fraction with bp 60-80 ^C. 

I IT, 4, 2 Preparation of the St arting Materials 2^6 , 

A general procedure was to add a benzene solution of the benzo- 
triazole 1 (10 nunol, in 25 mb) to a starred solution of the 
acetylenic compound (2a or 2^, 10 mmol) in benzene (25 mb) at 
room temperature (rj28 *^C) over 0,5 h and the stirring was conti- 
nued for an additional period of 24 h. Removal of the solvent 
under vacuum gave a residual solid# v/hich was chromatographed 
over silica gel* Elution with a mixture (li4) of benzene and 
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p 0 hirolsum othsr gavB tho 2 jLSomBir first and furthor elution 
with a mixture (1^3) of benzene and petroleum ether gave the 
E isomer. These adducts were purified by recrystallization 
from a mixture ( 1 : 1 ) of benzene and petroleum ether^ in each 
case . 


(g) - ( 1 / 2/ 3-Denzotria zolyl) -- 1 , 2 -diben 2 oyl ethylene (^) . 

2 was obtained in a 51% yield/ mp 181 °C, 

IR spectrum (KBr) ; 3090/ 3075/ and 3045 1675 

max 

and 1655 / 1605 and 1585 and 

UV spectrum X (methanol) s 217 nm (£, 9/750), 255 
max 

(14/800) / and 319 (2/870) . 

NMR spectrum (CDCI 3 ) ; 6 6.28 (s, 1 H, vinylic), and 
7.20-8.25 (m, 14 H, aromatic), 

1 3 

C NMR Spectrum (CDCI 3 ) : 6 111,49/ 120.86, 125,31/ 
128.49/ 128.61/ 128.73, 128.83, 128.90, 128,97, 129.57, 129.88, 
131.20/ 133.66/ 134.07/ 135.67, 145.59, 189,21 and 191,16. 

Mass spectrum m/e (relative intensity)? 353 (M , 1), 

325 -N 2 / 2), 297 (3), 276 (m'*' -CgH^, 8), 248 (M'*' -COCgHg, 

30), 220 (m'^' -COCgHg, -N 2 , 48), 105 (CgHgCo"' , 100), and other 
peaks . 

Anal , calcd for C 22 H;^ 5 N 302 S c, 74.79? H, 4.25? N, 11.90. 
Pound? C, 74.58? H, 4.33? N, 11.73. 
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( Z) (1/2/ S-Benzotrlazolyl) -1^ 2-dibenzoyl e'thylene (4). 

4 was obtained in a 33% yield, mp 171 °c. 

IR spectrum (KBr) s 3085, 3070, and 3050 r 

1675 and 1655 , 1610 and 1595 (v . and cxiT^ . 

UV spectrum (Methanol) s 217 nm (£, 10,500), 258 

(17,380), and 325 (3,900), 

NMR spectrum (00013)1; ^ 7.05-8.30 (m, aromatic and 

vj nylic) . 

13 

C NMR spectrum (00013)2 6 114.01, 120.92, 125.35, 

128.57, 128,62, 128.66, 128.73, 128.84, 128.88, 128.97, 

129.57, 131.35, 133.83, 135.39, 136.91, 146.70, 190.03, and 
193.11. 

Mass spectrum, m/e (relative intensity)? 353 (M , 1), 

325 (M*^ -N^/ 2)/ 297 (4), 276 (9), 248 (34), 220 {it -COCgH^, 
-N2/ 44), 105 (OgH^OO*^, 100), and other peaks. 

Anal . Calcd for C22H;^5N302S C, 74.79? H, 4.29? N, 11.90. 
Found? C, 74.62? H, 4.41? N,11.69. 

Dimethyl l-Benzotriazolylmaleate (5) . 5 was obtained in 

56% yield, mp 97-98 '^0. 

IR spectrum (KBr) : 3090, 3070, 3049, 3023, 3008, 

max 

2949, and 2836 , 1730 and 1716 (’'’^=0) ' and 1600 

UV spectrum ^ (methanol)- 21Q nm (e, 7,280), 256 

iTlQX 

(9.250) , and 282 (5,830) . 
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1 

H NMR spectruin t 6 3.55 (s, 3 H, methoxy) , 3.90 

(S/ 3 H/ mBthoxy) / and 7,10“8.25 (rrt/ 5 H, aromatic and vinylic). 
13 

C NMR spectri,im ( 00013)56 51.77, 53.04, 109.81, 119.42, 
123.81, 127.89, 127.98, 133.07, 133.43, 144.95, 161.45, and 
162.20, 

Mass spectrum, m/e (relative intensity) : 261 83) , 

230 (M^ 11), 202 -CO^CH^, 54), 201 (7), 199 (M*^ 

~20CH3, 11), 188 (M^ -CO 2 CH 3 , •”CH 2 , 21), 187 (24), 174 (M*^ 
-CO 2 CH 3 , -N 2 , 51), 160 (m'^ -CO 2 CH 3 , -CH 2 , -N 2 , 42), 159 (m“^ 
“CO 2 CH 3 , “'CH 3 , “*N 2 / 60), 59 (COpCi'^^ , 100), and other peaks. 

Anal > Calcd 55.17; II, 4.21? N, 16,09. 

Founds C, 55.33? H, 4,16; N, 16.27. 

Dimethyl l-Benzotriazolylfumate (6) , 6 was obtained in 

38/o yield, mp 90-91 , 

IR spectrum (KBr) 3 3090, 3000, 2947, and 2839 (4^ ) , 

mQx 

1745 and 1710 > 1633 and 1600 and cm“^. 

UV spectrum X (methanol) s 219 nm (l, 7,280), 256 
^ max 

(9,750) , and 309 (5,530) . 

NMR spectrum (CDGI 3 ) s 6 3.95 (s, 3 H, methoxy) , 4,10 
(s, 3 H, methoxy), and 6.75-8,20 (m, 5 H, aromatic and vinylic). 

NMR spectrum (GDCI 3 ) : 6 51.99, 53.18, 109.79, 110,81, 
120.51, 125.12, 129.30, 130.78, 139.78, 146,18, 161.81, and 
164.06. 
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Mass spectrum, m/e (relative intensity)? 261 (m"**, 82), 

230 (10), 202 (m"^ -CO 2CH3, 45), 199 (12), 188 (16), 187 (13), 

174 (M -CO2CH3, -N2/ 55), 160 (45), 159 (77), 59 (CO2CH3 , 100), 
and other peaks . 

Anal . Calcd for ^^2^11^30^2 C, 55.17? H, 4,21? N, 16.09, 
Pounds C, 54.98? H, 4.31? N, 16.18. 

III. 4. 3 Reaction of 3, S-Dlphenyl-lH-l , 2 , 4~triazole (7) 
with DBA (^) • In Benzene . A mixture of 7 (2.21 g, 10 mmol) 
and DBA ( 2 b ., 2.34 g, 10 mmol) in benzene (50 mL) was stirred 
at room temperature for 48 h and the solvent was removed under 
vacuum to give a residual solid, which was chromatographed over 
silica gel. Elution with a mixture (Is 2) of benzene and petro- 
leum ether gave 0.55 g (12%) of (Z)-l-(3,5-dlphenyl-lH-l,2,4-tri- 
azoly] ) -1, 2-dibenzoylethylene (9), mp 154-155 *^0, after recrys- 
talldzation from methanol. 

IR spectrum V (KBr) s 3093, 3075, and 3045 

niox * 

and 1650 , 1612 and 1600 , 1485 cm"^. 

UV spectrum X „ (methane]): 215 nm (£, 34,780), and 
* msx 

256 (48,540) . 

NMR spectrum (CDCI3) ; 6 6.95-8,60 (m, aromatic and 

vinylic) . 

Mass spectrum, m/e (relative intensity): 455 (M , 10), 

378 (M'*' -CgHg, 3), 352 (M"’’ -CgHgCN, 43), 351 (8), 350 (M 
-COCgHg, 84), 275 (m"* -CgHjCN, -CgHg, 9), 105 (CgHgCO*^, loO) , 
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103 (59) and other peaks), 

Calcd for C3 qH 23_N302! C, 79.12; H, 4.62; N, 9.26. 
Founds C, 79.35; 4.72? N, 9.39, 

Further elution of the column with a mixture (Isl) of 
benzene and petroleum ether gave 2.8 g (61%) of (E)-l-(3,5-di~ 
phenyl-lH*-!/ 2 , 4- triazolyl ) «-l, 2 -dibenzoyl ethylene (8)# mp 190- 
191 after recrystallization from methanol. 

IR spectrum (KBr) s 3094, 3075, and 3040 / 1660 

and 1640 1610 and 1595 and 2^^ ) cm"^. 

UV spectrum X (methanol); 216 nm (C, 31,450) and 246 

U IciX 

(38,750) . 

1 

H NMR spectrum (CDCl^) s 6 6.75 (s, 1 H, vinylic), and 

7.10-8.60 (m, 20 H, aromatic). 

Ana] . Calcd for 79.12? H, 4.62? N, 9.26. 

Found; C, 78.93? H, 4.49? N, 9.38. 

I 

In a repeat experiment, a mixture of 2 (2,21 g, 10 mmol) 
and DBA (2.34 g, 30 mmol) in acetonitrile (40 mL) was refluxed 
for 24 h and worked up by removal of the solvent under vacuum 
and chromatographing the residue over silica gel. Elution 
with a mixture (Is 2) of benzene and petroleum ether gave 1.6 g 
(36%) of 2'"l'*’(3,5-diphenyl-4H-l,2.,4' triazolyl) -1, 2-dibenzoyl- 
ethylene (10), mp 156-157 °C, after lecrystallization from 


methanol . 
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IR spectrum V (KBr) s 3090, 3075, and 3042 (V), 1662 

C.H 

and 1648 (V ) and 1585 (V^ ) cm"^. 

L- Lx C— N 

UV spectrum (methanoDs 215 nm (£, 37,280), and 247 

(49,380) , 

1 

H NMR spectrum ( 00013)56 7.05-8.55 (m, aromatic and 
vinylic) . 

Mass spectrum, m/e (relative intensity) 3 455 (m”^, 73), 

427 (M*^ -N 2 / 78), 350 (M^ -COCgH^, 91), 349 (12), 322 (M*** -COCgH^, 
-N 2 / 21), 245 ^(26), 105 (C^H^CO*^ , lOO) , and other peaks. 

Ana] , Calcd for °3 oH21« 2 O 22 C, 79.36* H, 4,62/ N, 9.23. 
Founds C, 78.96; H, 4,51; N, 9.37. 

Further elution of the column with a mixture (Igl) of 
benzene and petroleum ether gave 1.9 g (41%) of 9, mp 156 
(mixture melting point), after recrystallization from methanol, 

111,4,4 Irradiation of ( E) -Benzotriazolyl-l, 2-dibenzoyl "’ 
ethylene (3) . A in Benzene . A solution of _3 (500 mg, 1,45 mmol) 
in benzene (500 mL) was deaerated by purging with nitrogen and 
irradiated (RPR, 3000 S) for 4,5 h. The solvent was removed under 
vacuum and the residual solid was chromatographed over silica 
gel. Elution of the column with a mixture (1:9) of benzene and 
petroleum ether gave 55 mg (12%) of the benzazepinone U, mp 167- 
168 after recrystallization from a mixture (I 5 I) of methy- 

lene chloride and methanol. 
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IR spectrum (KBr) s 3345 , 3083, 3055, and 3030 

and 1645 (v ), 1600 and 1586 iv ) cm"^. 

UV spectrum (methanol) s 222 nm (£, 5,180), and 

310 ( 8 , 160) . 

13 

C NMR spectrum (GDCI 3 ) g * '^19.54, 120.31, 122.63, 124.51, 
125.21, 126.73, 126.98, 128,54, 128.77, 129.36, 129.78, 131.32, 
133.47, 133.79, 134*21, 150.36, 153.59, 193,23 (C—O) , and 
198.78 (C=0) . 

Mass spectrum, m/e (relative intensity) s 325 (M*^, 20), 

324 (m"*" -H, 100), 296 (m’*' -CO, -H, 13), 295 -CO, -2 H, 48), 
247 “COCgH^, 18), 180 (C^ 3 HqO'^, 11), 

167 17), 166 (21), 105 (CgH^CO"* , 33), and other peaks. 

Anal. Calcd for C 22 H^ 5 N 02 S C, 81.23; H, 4.62; N, 4,31. 
Pounds C, 81.46; H, 4.39; N, 4.52, 

Further elution of the column with a mixture (Is 2) of 
benzene and petroleum ether gave 100 mg ( 20 %) of the unchanged 
starting maberial 3, mp 179-180 ^^C (mixture melting point) , 
after recrystallization from methanol. 

Subsequent elution with a mixture (1:1) of benzene and 
petroleum ether gave 250 mg (38%) of mesQ -2 , S-bisbenzotrlazo- 
lyl-l# 4-diphenylbutane-l, 4-dione (_^) , mp 192-193 ^C, after 
recrystallization from a mixture (Isl) of methylene chloride 
and petroleum ether. 
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IR spectrum (KBr) s 3085, 3062, 3020, 2971, 2860, and 

rriax 

2862 ’'c=N^ 

UV spectrum ^ (methanol) s 218 nm (£, 11,900), 258 
max 

(25,960) , ana 327 (1,590) . 

^^NMR spectrum (CDC3 ,) : 6 61,64, 120.26, 124.37, 128.52, 
128.89, 129.03, 132.24, 134.05, 135.13, 135,84, 145.73, and 
190.75 (C=0) . 

+ 

Mass spectnom, m/e (relative intensity) 5 367 (M -COCgH^, 
35), 354 (M*^ 

-C6H4N3, -H/ -N2 / 10), 324 (m”^ -CgH4N3, -2 H, 12), 297 

(m”^ -CgH^N3, -H, -N2 , -CO, 22), 296 (m’'" ~CgH^M3, -2 H, -N2' 

48), 280 (15), 268 (14), 248 (15), 220 (56), 219 (36), 105 
(0611500’^, 100), and other peaks. 

Anal . Calcd for C23H2 qN ^025 G, 71.18; H, 4,27? N, 17,78, 
Pounds C, 71*32? H, 4.15? N, 17,61. 

Pinal elution of the column with benzene gave 55 mg (10/) 

Qf 2- ( 3 - ( 1, 2, 3 -benzotriazolyl )-'4-phenoxy- 4-phenyl- 3-butenoic acid 

( 12a ) , mp 261-262 ^C, after recrystallization from a mixture 
(2s 1) of methylene chloride and petroleum ether. 

IR Spectrum (KBr) j 3085, 3055, and 3025 ' 3000- 

25000 carboxylic), 1740 f 1650, 1610 and 1595 

-1 

and GHi 

UV spectrum \ (methanol) s 218 nm (e, 5,530), and 258 


(19,730) 
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me thine) , 


H NMR spectrum (CDCI 3 ) : * ^.75 (d, J = 8.8 Hz, 1 H 
6.34 (d, j = 8.8 Hz, 1 H, Vinylic), 6.95-8.15 (m. 


14 H, 


Founds 


aromatic), and 8.30 (s, 1 a, D 

Calcd for C 22 H^,N 303 ! C, 
C, 71.34; H, 4.67; N, 11.08. 


^O-exchangeabl e , 
71.16; H, 4.58; 


OH) . 

N, 11.32. 


£ Irradiation of 3 (500 mg, 1.415 mmol) in 

methanol (500 mL) for 4.5 h (RPR, 3000 8 ) and removal of the 
solvent under vacuum gave a residual solid which was chromato- 
graphed on sildca gel. Elution with a mixture (ls4) of benzene 
and petroleum ether gave 340 mg (62%) of methyl 2-(l-(l,2,3^foen- 
zotriazolyl) ) -4-phenoxy-4-phenyl-3-’butenoate ( 12 b ) , mp 143- 
144 ^C, after recrystallization from a mixture (Isl) of benzene 
and cyclohexane. 

IR spectrum (KBr) s 3085, 3065, 3022, 2994, 2969, 2886, 

and 2848 , 1748 (^^^q) / 1645, 1618, and 1600 and 

UV spectrum (methanol) s 218 nm (£, 6,260), and 250 

iTlQJv 

(4,970) . 

1 

H NMR spectrum (CDCl|j) s 6 3.65 (s, 3 H, methoxy) , 5.80 
(d, J e 9 Hz, 1 H, methine), 6.20 (d, J = 9 Hz, 1 H, vinylic), 
and 7400 - 8,10 (m, 14 H, aromatic). 

Mass spectrum, m/e (relative intensity); 326 (M*^ -CO 2 CH 2 , 
11), 299 (11), 298 (M"*" -COgCHj, -N 2 , 46), 293 (20), 292 (m"^ 
-OCgHg, 100), 267 (m"*' -CgH^Ng, 8), 233 (5), 220 (6), 208 (15), 
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207 (M -CgU^Nj, -CO 2 CH 2 , -H, 59), 206 (5), 205 (M^ -OCgHg, 

-CO 2 CH 3 , -Nj, 1<1), 204 (M’ -OCgHg, -COjCHj, -N 2 , -H, 26), and 
other poahs. 

Subsequent elution of the column \ 7 ith a mixture (Is 2) of 
benzene cind petroleum ether gave 60 mg ( 12 %) of the unchanged 

starting material 3, np 179-100 °c (mixture melting point), 
after rccrystall isation from (Isl) methylene chloride and pet— 
roloum ether, 

Further elution of the column with a mixture (Isl) of 
benzene and petroleum ether gave 25 mg (4%) of the bisbenzotri- 
azolylbutanedione 33, mp 192-193 oq (mixture melting point) , 
after recrystaliization from a mixture ( 1 ; 1 ) of methylene chlo- 
ride nnd petrol oum ether, 

111,4,5 Irradiation of ( Z) -1- ( 1, 2, S-Benzotriazolyl)- 
1/ 2- di benzoyl ethylene (4), ^ In Benzene . A solution of 4 

(500 mg, 1,415 mmol) in benzene (500 mL) was irradiated (RPR, 
3000 8 ) for 4,5 h. Removal of the solvent under vacuum gave a 
residual solid which was chromatographed over silica gel. 
Elution with a mixture (Is 4) of benzene and petroleum ether 
gave 50 mg (11%) of the benzazepinone :U, mp 177 ^C, after 
recrystaliization from a mixture (Isl) of methylene chloride 
and methanol • 

IR spectrum (KBr) s 3380-3300 / 3080, 3050, and 

3028 1718 and 1645 
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m J-.ivutrurn (methanol): 222 nm (e, 5380), and 316 

(»,r,oo) . 


M,i 

324 (m’'' 
24 7 (m'*' 
167 (C,., 

I A 


ofi fjpoctrum/ m/a (relative intensity)? 325 (M**^ 25)^ 

-n, 3 00), 296 -H, -CO, 15), 295 (m"*' -2H, -CO, 50), 

-H, 10), 220 (M*" -COCgHg, 47), 180 (C^gHgO'^, 15), 
II, jN , 20), 166 (19), 305 (CgHgCO^ , 26), and other peaks. 


AW}1. C.Jlc<i ■‘■or C 22 H^gN 02 ! C, 81.23; H, 4.62; N, 4.31. 
Founds C’/ fU.42; 11 , d.51? N, 4.23, 


FuiUu'r olution oi the column with a mi:itture (lg2) of 
bonsit^no and potroloum eLher gave 30 mej (6%) of the E isomer 3, 
mp J 79-380 (mixture meiting point), after re crystallization 

from a mixLuru (Itl) of methylene chloride and petroleum ether, 

Sul)«(j(|U(jnt olution of tho column with a mixture (1:2) of 
bon/. one and petroleum ether gave 240 mg (36%) of d,l ”2,3-bis- 
( I - ( 1, 2, 3-i)c'ir/.otr1 azolyl) ) -1, 4-dl phenyl butane- 1, 4- dione (3^) , 
mp IH2.-3H3 vd, L-oi rc'crystallization from a mixtuure (1:1) of 
mothylono cldorido nnd petroleum other, 

IK spectrum (KBr) ; 3080, 3060, 3020, 2970, 2915, 

* max 

2H60 and 2850 (’^g,,,) / lf>63 1592 (^gj^g, and 

UV spectrum \ ^ (Methanol) g 215 nm (i, 5,880), 252 
msx 

(3 1,240), and 326 (1,910). 

Masa spectrum, m/e (relative intensity): 354 (M+ -CgH^Ng, 
5), 353 (M’*' -CgH^Nj, -H, 10), 325 (M*" -CgH^Ng, -H, -Nj/ 15), 
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10), 297 (m'- -CgH4N3, -H, -N^, -CO, 
20), 20G (M -Cgll^Nj, -2 II, -n^, -co, 45), 280 (10), 268 (20), 
24H (15), 220 (55), 219 (35), 105 (CgHgCO+, 100), and other 

pGclkS * 


AjlSl. Colcd for C2gH2gNg02.. C, 71.18,- H, 4.27= N, 17.78. 
Poiimls C/ 71,40; H, 4,38; N, 17,93. 


1* ui Lhor elution ol the column with benzene gave 30 mg (6%) 
oi LIk' liojci 12 n / mp 261-262 C (mixture melting point)/ after 
j t'c! 1 yji t<,il J J V5 ti Lion Crom a mixture (2sl) of methylene chloride 
on<l potroloum oLher, 


il In Methanol , Tn a repeat experiment/ a solution of 4 
(SOO mg/ 1,416 mmol) in methanol (500 rrtL) was Irradiated (RPR, 
3000 %) Cor 4,5 li and worked up by a similar procedure to give 
290 mg (53%) o6 3 2b / mp 343*144 (mixture melting point), 
after rccryntall I'-flatJ on from a mixture (1;1) of benzene and 
cyf'l ohcxfmt'/ 70 mg (14%) of the unchanged starting material 4, 

\x\\\ i70'*l71 (mixture molting point), after recrystallization 
Crc>m a mixture (lil) of methylene chloride and petroleum ether 
and 40 ing (6%) of 1^/ mp 182*183 (mixture melting point), 
after rocryy tall 3 nation from methanol, 

ITT, 4 *6 Conversion of to 3Jb. To a solution of 12a 
(55 mg, 0,2 mmol) in other (5 mb) was added an ether solution 
of dlazomathane (1 ml,, 5%) at 0 °C, with stirring and the stirr- 
ing was continued for an additional period of 1,5 h. Removal 
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of fhc"* r.olvont unrler vocuum gave a residual solid, which was 
jc'crysLcill L^.od from a mixture (Isl) of benzene and cyclohexane 
to rjlvo 'lO inq (76%) of the ester 12b , mp 144 (mixture melting 
poi nt) . 


TXr*4.7 Thermal Transformat io n of li, to lA. A solution 
of (^0 im)/ 0-12 mmol) in methanol (20 mb) was refluxed for 

3 1j. RotnoVril of the solvent under vacuum gave a residual solid, 
whl,oh WtiS chromatographed over silica ge] - Elution with petro- 
leum (jthc'r gave 25 rng (63%) of U, mp 177 (mixture melting 
point), after rocrystallization from a mixture (Isl) of methyl- 
ono nlOotlfio nnd petroleum ether, Further elution of the column 
with n iidxturo (lt9) of benzene and petroleum ether gave 8 mg 
(20%) oi the unchanged starting material jd, mp 169 °C (mixture 
mulblncj point), after recrystallization from a mixture (Isl) of 
mofhYlono ciaoricie and methanol. 


I rx Uaso- catalYzed Transformation of U to U> 

A nUxbirn of 1^ (20 mg, 0*06 mmol) and triethylamine (100 mg, 

1,0 mmol) *1n bonzono (10 mb) was stirred at room temperature 
for 1 lu Removal of the solvent under vacuum and recrystalliza- 
Uon oC the. residue, from a mixture (Isl) of methylene chloride 
and methanol qavo 18 mg (90%) of 14' 177 °C (mixture melting 

point), after rccrystalli^atlon from a mixture (Isl) of methyl- 

enc2 ch!] orido and methanol * 


111,4.9 Daae-catalYged Tr ansf^tion of 13 to 15. To 
Stirred solution of the mego^sor^r 13 (100 mg, 0.22 treol) 
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In Ixnr/.one (?0 mb) was adaeO tri ethyl amine (loo mg, 1.0 mmol), 
and the .stirj-lng was continued for en additional period of 
0.5 h. The solvent was removed under vacuum to give a residual 
sol Id which was chromatographed over silica gel. Elution with 
a mixture (1;2) of benzene and petroleum ether gave 25 mg (25%) 
oi the unchangod starting material 13y mp 191-192 (mixture 
meXtinc^ point), aCtor recrystallization from Isl mixture of ben- 
v.onc and pt'troJeurn ether. On subsequent elution of the column 
with a mixtui'e (1:1) of benzene and petroleum ether gave 55 mg 
(55%) of the d,l -butanGdione 15 ; mp 182-183 (mixture melting 
point), alter recrystallization from a 1;1 mixture of methylene 
chi orido and petroleum ether, 

1X1*4.10 Irradiation of Dimethyl l-Benzotriazolylmaleate 
(5) in Uonzene. A benzene solution of 5 (500 mg, 1,914 mmol) 
was deaerated by purging with nitrogen and irradiated (RPR, 

2537 9i) (or 5.5 li. The solvent was removed under vacuum and 
bho lonldUG was chromatographed over silica gel. Elution with 
a mixture (1:9) of benzene and petroleum ether gave 25 mg (4%) 
of dimethyl 1- ( 2-phenYlaniljno) fumarate (16)/ mp 162-163 ^c, 
after rocrystai lization from a mixture (lj2) of benzene and 
petroleum other, 

IR spectrum (KBr) s 3246 / 3090, 3045, 2995, 

296«, 2882 and 2849 , 1740 and 1725 , 1635 and 1600 

cm"^. 
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UV (methanol) s 255 nm <£, 18,940), and 339 

(8,760) * 

NMR spectra. (CDCl3)s 6 3.45 (s, 3 H, methoxy) , 3.60 
(a, 3 n, mothoxy) , 6.25 (s, 1 H, vinylic), 7.15-7.45 (m, 9 H, 
aromd'lic), nnd B.i5 (bs, 1 H, D^O-exchangeable, nh) . 

MofiS spectrum, m/c (relative intensity)? 311 (M*^, 2), 280 
(M -OCII3, ^), 279 (M^ -OCM3, -H, 2), 25? 70), 168 

1-53 (C^2^g / 44), 91 (38), 59 (100), and other 

pOtiks , 

Anftl * Calcd ^^or C, 63.88; H, 6.46; N, 5.32. 

Ifouncls C, 63.59; H, 6.31; N, 5.47. 

On Hubseqwent elution of the column with a mixture (Is 4) 
of bonwone and petroleum ether gave 80 mg (167o) of the fumarate 
6, mp 90-91 *^G (mixture melting point), after recrystallization 
from a mixturo (Isl) of benzene and petroleum ether. 

Furthor elution of the column with a mixture (ls2) of 
bonJ''.ono nnd petroleum ether gave 60 mg (12%) of the unchanged 
stiir’tlnq maberjal 5, mp 97-98 (mixture melting point), after 
rocryslalldzfitlon from methanol. 

Tho column was finally eluted with a mixture (Isl) of 
bonzene and petroleum ether to give ?20 mg (50%) of dimethyl 
indole-2, 3-dicarboxyl ate (12^, mp 110-111 (lit.^^ mp 112 ^c) 

aft©r recrystallization from a mixture (Isl) of methylene chlo- 
rido and petroleum ether. 
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1 LX • ^ » 1 X Irradiation of Diin6thyl l-BGnzotrXazolyl^ 
fumarabc" (6), A banJiene solution of 6 (500 mg, 1.94 mmol) was 
irtodlotod (RPR, 2537 X) for 5.5 h and worked up by a similar 
proooduro to give 20 mg (3%) of mp 162-163 (mixture melt- 
ing point)/ 90 mg (18%) of the unchanged starting material 6, 
mp 90-91 (mixture molting point), 30 mg (6%) of 5, mp 97-98 
(mi'^'Uno molting point) and 260 mg 58%) of the indoledicarboxy- 
lahc' 17, mL> 13 0-llL (mixture melting poxnt) . 


I LI ,4 , 12 Irradiation of { ?,) "l-(3,5-Diphenyl-lH-l,2/4- 
tJ iny^. olyi ) - 1 / 2-dibonzoylethylenG (9) . h solution of 9 (500 mg, 
1 ,J mmol) in benzene (500 mL) was irradiated (RPR, 3000 8) for 
0 h and removed the solvent under vacuum to give a residual 
sol Id/ which was chromatographed over silica gel . filution with 
pctroloum other gave 25 mg (10%) of tra^-1/ 2 -dibenzoylethylene 
( 22,0 / mp 109 (mixture melting point), after recrystalliza- 
tion Irom a mixture (ls2) of benzene and petroleum ether. 


Purbhor elution with a mixture (Isl) of benzene and 
petroleum ether gave 200 mg (40%) of erythro-5, 6-dibenzoyl- 

5, 6-<1lhyr1rort-a, 5-b]-2-phenyl-l, 2, 4-tri3zoloisoquinoline (19a) , 

mp isv-ise °C, after recrystallization from a mixture (1:1) of 
methylene chloride and petroleum ether. 


IR spectrum (KBr) : 3080, 

(V^^) , 1685 (V^^P ; 1610 and 1600 {V 

-1 

cm . 


3055, 2937, and 2895 

c=c> ' ‘ Vn 


) 
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UV specbtuni (methanol): 216 nm (e, 55,400), 247 

(90,340), and 282 (53,130). 

13 

C NMR spectrum (01x113)? ^ (C-6) , 77.11 (C-.5) , 

124.73, 125.40, 125.61, 126.99, 127.34, 128.57, 128.79, 129.18, 
129.86, 130.11, 130.90, 133.63, 134.14, 134.29, 135.68, 152.42, 
162.99, 192,48 (C«0) , and 195.87 (C=0) . 

Mass spectrum, m/e (relative intensity)? 455 (m"^, 48), 

370 (M 11 ), 350 (M^ -COC^K^, 73), 349 -COCgH^, ~H, 

21), 245 (M -2000^14^/ 19), 219 (23), 105 (CgH^CO^, 100), and 
other peaks* 

An^. Cnlcd for C3 qH 23^N302S C, 79.12; H, 4.62; N, 9.23. 
Pounds C, 78.78; II, 4.49; N, 9.41. 

The column was finally eluted with benzene to give 90 mg 
(38%) of 3, 5*-* diphenyl*-!, 2, 4- tri azole {]) f 188-189 (mixture 
melting point) . 

Tn a repeat experiment, 9 (500 mg, 1*1 mmol) was irradiat- 
ed in methanol (500 mla) for 8 h (RPR, 3000 2) and was worked up 
by a smllar procedure to give 15 mg (6%) of trans- 1 , 2-difoenzoyl- 
l-methoxyethylene (22b) , mp 107-108 (mixture melting point), 
240 mg (48%) of the triazoloisoquinoline derivative 19a, mp 157- 
158 (mixture molting point) , and 70 mg (28%) of 7, mp 18B- 
189 (mixture melting point) . 

13:X.4*13 Irradiation of (g) -l-( 3, 5-Diphenyl- IH- 1,2,4- trl- 
azolyl ) **1 , 2**dibenzQyl ethyl one (8) . A benzene solution of 8 
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(200 mg, 0.44 mmol, In 250 niL) was irradiated (RPR, 3000 8), for 
4.5 h and worked up by removal of the solvent under vacuum and 
chromatographing the residue over silica gel. Elution with 
petroleum ether gave 10 mg (10%) of mp 108-109 (mixture 

melting point), after recrystallisation from methanol. Further 
elution with a mixture (Ijl) of benzene and petroleum ether 
qavo 7b mg (48%) of threo-‘5,6~dibenzoyl-5,6-dihydro[l-a,5-b]- 
?,-phenYl-t,2, d-trlazoloiosoquinoline ( 19b ) ^ mp 171-172 after 
recryfjtdll ization from methanol. 

in spectrum, V (KBr) : 3070, 3050, 2985, and 2865 / 

3 595 and 1575 , 1430 cm‘^. 

UV spectrum (methanol) j 217 nm (f, 51,230), 255 

lUQX 

(83,450), and 285 (60,300). 

Anal . Calcd for C3QH21N3O2S C, 79.12; H, 4.62; N, 9.23. 
Found; C, 79.45; H, 4.41; N/ 9.18. 

Final elution of the column with a mixture (9:1) of ben- 
zene and ethyl acetate gave 45 mg (47%) of 3, 5-diphenyl- 1,2, 3-tri- 
azo3e (7), mp 188-189 *^0 (mixture melting point), after recrys- 
tallization from 90% ethanol. 

20 

111,4.14 Crystallographic Analysig of 13. Suitable 
crystals of ^^28^20^6^2^ X-ray diffraction studies were 
obtained by reorystallization from a mixture (I5I) of methanol 
and methylene chloride. Data collections were performed with 
Mo radiation (X » 0.71073 %) on an Bnraf-Norius CAD^ computer 
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controlled kappa axis diffractometer equipped with a graphite 
crystal, incident beam monochromator. The crystals have cell 
constants of a = 27.999 (7), b = 10.421 (2), c = 25.118 (5) 8, 

P = 95.31 (2)° and V = 7297.17 (49) 2^, For Z = 12 and 
P. W. = 472.50 the calculated density is 1.285 g/aa? and the 
observed density (flotation in CCl^/hexanes) was 1.286 g/an? . 

The space group was determined to be C2/c ( # 15) . A total of 
7120 reflections wore collected, of which 5696 were unique and 
net sys bomaticaJ ly absent* The structure was solved by direct 
methods * 

Using 500 rejeiections (minimum E of 1*75) and 6831 rela- 

tionshipS/ a total of 11 phase sets were produced. A total of 

54 atoms were located from an E-map prepared from the phase set 

with probability statistics; absolute figure of merit « 1,07/ 

residual » !I9,39/ and psi zero = 0*890. The model was corrected 

in succeeding difference Fourier syntheses. The oxygen atoms 

were assigned from the geometry of the emerging model* The 

nitrogen atoms were assigned from the isotropic temperature 

factors when all but the oxygen atoms were considered as carbons* 

Thu three unique half -molecules all indicated the same pattern 

of nitrogen atom positions* Hydrogen atoms were located and 

added to the structure factor calculations but their positions 

were refined* The structure was refined using full-matrix least- 

squares techniques where -the function minimized was SW 

Iff I ) ^ with W = ( ® Fq) ^ . The final cycle of refinement 
o 
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included 217 variable parameters and converged (largest parameter 

shift was 0*01 times is esd) with unweighted and v^eighted agree*- 

mont factors of = 0.091 and = 0.102. All calculations 

21 

were performed on a VAX 11/730 computer using SDP - VAX. 

Figure III. 3 is a computer generated perspective drawing of 13 

from the final X-ray coordinates showing the relative stereo- 

chomistry. The crystal structure consists of discrete molecular 

1 , 

units. VJith 12 moloculos in the unit cell, there must be l/'i 
molOGules in the asymmetric unit and each asymmetric unit 
contains one molecule in a general position and a half-mole- 
Gule near a 2-foia axis. The entire cell thus contains 8 mole- 
cules at general positions and 4 molecules on two-fold axis. 

Tho closest intermolecular contacts are the 3.30 X between 0^^ 
and and between Ng and C 2 * dihedral angle at 02 ^- 0 ^ 

bond is 60,5 (7)°* 

14 

III. 4 . 15 Laser Plash Photolysis . For pulse laser 
exaltation, outputs ware obtained from a uv 400 Molectron 
Nitrogen laser (337.1 nm, 2-3 mJ,- 8 ns) or Lambda-Physik 
MSC 101 exclmer laser (Xe-Cl) (308 nm, < 40 mj, defocussed, 

«20 ns) , The transient phenomena were studied using a kinetic 
spectrophotometer, described elsewhere.^^ m experiments where 
a large number of laser shots were necessary, e.g., for wave- 
langth-by-wavelength measurements of transient absorption 
spectra, a flow system was used in whrch the solutions for 
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photolysis were allowed to drain from a reservoir through a 
quartz cell of 3 mm path length, 

III ,4. 16 Pulse Radlolysls ,^'^ The pulse radiolysis 

experiments were carried out^ employing 7 Mev electron pulses 

(5 ns) from the Notre Dame ARC0~LP-7 linear accelerator in the 

23 

computer controlled apparatus, described elsewhere# 


I 
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